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Abstract

Frefighters are atelevatedrisk ofcardiovascular disease anayocardial infarctionOverweight and
obesity pevalencen this occupational group may be greater than in the general populaioisis

the first nutrition-basedstudyfor UKfirefighters involving 28 fire stations and 575 firefighters based
in London This study was designed to develop population specifitstbody composition reference
charts, a validateflood frequency questionnaird¥Q) anda cookery bookor use in a multi
component worksite intervention.

The validity of BMI for classification of firefightedipositystatuswas investigatedCombined

prevalence ofmale firefighter(n=497 overweight and obesity by BMI was 80%, which contrasted
widely with theadiposityindices:percentage body fat (BF%) (63%), waist circumference (WC) (43%)
and waistto-heightratio (WHtR) (59%). Female firefighténs78 exhibited lower combined

prevalence of overweight and obesity compared to the male firefighters: BMI (43%), BF% (18%), WC
(36%) and WHtR (27%). However, misclassification caused by BMI was widespread for both sexes,
AaK2gAy3 . alLQad aLISOAFTFAOAGE G 2sobfdse hdbitNEsThi® dzf | NI & LJ2 2
represents the first studjo assess the adiposity of UK femalefighters and the first to

comprehensively identify BMI to generate widespread misclassification of UK firefightdmying

this, a novel body composition reference system for UK firefightais developedThis took the

form of centile reference curvabBustrating agerelated changes in fat mass and skeletal muscle

mass of firefightersoffering an improvement upon the limitations BMIand BF%®Overweight and

obesity cutoffs were defined at the 85and 93" centiles which were chosen due to relativ

suitability and good agreement (97%; Kappa 0B60.001) between the BF% reference curves and

the fat-mass index reference curves at these centiles.

Anovel FFQ was developeda population specific modification of the EMGrfolk FFGnd
validatedagainstthree 24hr recallsCorrelations between the methods were significgot 0.01) for
energy (=0.42), carbohydraterf0.42), protein (=0.42), fat (=0.35), fibre (=0.34), saturated fatty

acids (=0.36), monounsaturated fatty acids=0.32),polyunsaturated fatty acids=£0.24,p=0.05),

vitamin C =0.26), calciumrg&0.45), iron (r9.38) and sodiumr0.32).BlandAltman (BA)analyses
indicated good agreement between methods for energy and each nutrient, with an average of 96%
of cases fallinpetween the limits of agreement. Cregsartile analysis identified a lomeanrate

of misclassificatioi4.2%) In terms of reproducibility, the mean correlation between repeat
administrations was 0.7p€ 0.01), with >95% of cases falling betweenBAdimits of agreement
Thisconstitutes the first FFQalidatedfor UK firefighters

Aworksite cookery workshopntervention and accompanying cookery book were developed and
tested,demonstratng practical methods ofealthy meal preparatiomlong with environmental
modification suggestions designed to ameliorate #stablishedbesogenic food environmenthis
resulted in several key significafp 0.01)improvements to the messncluding8 firefighting
watches reinstating smaller platel) watches leaving leftovers in the kitchett, watches
incorporating wholegrain products ar@watches switching to making sauces/soups from scratch.

Finally the efficacy of a fire statiobhasednutrition interventionwas tested in a clustecontrolled

trial. Thisencompased group educatioron non-communicable diseasgsk factors and the health
benefits of adopting a Mediterranean diet. Dietary assessment was undertaken utilising the newly
developed FFQ, which informgersonalised nutritiortonsultaton for each participantMixed

design ANOVAS demonstrateignificant improvementat 4-months postintervention (p< 0.01)in

daily mean intakes of energy2@4 kcal), total fat-(2 g), saturated fatty acidssg), sodium-311

mg), sugargpreserves and snack< 9 g). This contributed to concomitant mean body composition
improvements in fat massZ kg), BF%1.7%), WC-1.7 cm), weight-(.7 kg), BMI-0.5 kg/n?),

mood (+0.9) and energy level (+1.2) compared with the control group inogeesWC (+1.9 cm).



In wnclusion the population specific tools can be utilised in a vaitiginterventionwhich led to
improvements innutrient intakeandbody composition. Thexternal validity of the tools, along with
the A y (i S NI Eigh levelofeasibilityfurther renders it suitable forollout on a national level.
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Chapter 1General introductiorandreview ofliterature

Overview

Exposure to intense heat whilst firefighting has been shown to impair vascular function and increase
cardiovascular strain. The firefighters at greatest risk of suffering Ml are those with an underlying
cardiovascular risk factoPrevalence of firefightenverweight and obesity has been estimated to
affect 60 - 88%o0f personnel although misclassification by BMI is a ubiquitous problem for
firefighters, misclassifying up &56% of caseghus bringing into question the validiof BMI for
classifying firefihter adiposity Even so, firefighters appear to be an occupational grexipbiting

high adiposity. This may be partially explained by fire stations being characterised as obgsogenic
with a food environment abundant in energy dense foods high in sughiraisd saturated fat.
Furthermore, aistoriclack of routine physical fitness testing in civil fire brigades both in the UK and
USA is likely tbave enabled widespreadsubstandardevel ofphysical fithess affecting4%- 56%

of firefighters.Worksiteinterventions aimed at improving firefighter dietary and lifestyle behaviour
have generally yielded modest results, leadingttenuation of weight gaimhoderate weight loss

and moderateamelioration of cardiovascular risk factoihe majority of firefjhter health research

to date has been conducted on USA firefighters, with a paucity of research in the UK.

1.1.Health risksand occupationaéxposures of firefighting

Whilst it is widely acknowledged that the role of a firefighter entails hazardous work, the public
misconception may be thahe majority offirefighter onduty fatalities are caused by building
collapses and burns. However, the most prominent cause okwedated firefighter fatalities is
sudden cardiac death (SCD), accounting for 44% of all firefighterrefatled deaths in the USA
(Fahy and Molis, Z). UK firefighters may be exposed to similar risks, as a review of firefighter
deaths over thirty yeargdm 1978 to 2008 found that 36 (30%) of fatalities were attributed to acute
myocardial infarction (MI) taking place at operational incidents or soonwaétet (Labour Research
Department, 2008). Data from USA research shows that firefighters are 10 tovi30more likely

to suffer a sudden cardiac event during/after firefighting compared #ithundertaking of station
duties,which may explain the increased rate of on duty firefiglkBirelated deaths, which is more
than double that of on duty paramedi@and police (Kalest al., 2007).The extreme conditions which
can be experienced during firefighting can involve performing physically strenuous work in incredibly

high ambient temperatures, exposed to noxious contaminants whilst under psychological stre
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(Duran, Woodhams and Bishopp, 201Bhis combination of interacting exposures is the basis of the
cardiovascular strain leading to acute cardiovascular events in firefigt8aridhet al,, 2016) The
magnitudeof the strain is mediated by physical fithess and health status of the indii@halung
and McLellan, 1998; Wu, Snieder and de Geus, 26ig)rel.1lillustrates he additive/interactive

effect of risk factors.

Sympathetic Nervous Physical Work Heat Stress/ Environmental Conditions
System Activation = PPE Dehydration * Smoke Exposure
+ Dangerfalarm + Work Tasks * PPE + Asphyxiants
* Chaotic Scene * Environment * Particulates
* Metabolic Work

y

/ ~ 7

Individual Characteristics
* Health Status
* Fitness Profile

P ——
R et

Cardiovascular
Strain of Firefighting

Figurel.l. Factorsnfluencing thecardiovascular straiof firefighting. PPEpersonalprotective
equipment(Smith, Barr and Kales, 2013)

A systematic review afardiovascular diseas€YD in USA firefighter§Soteriadest al,, 2011)

identified that, although firefighting causes significant cardiovascular strain, the majority of
personnel can tolerate this strain without suffering a cardiac event. This is largely dependent upon
whether there ae underlying CVD risk factors. The review found smoking status, diabetes,
hypertension and old age all to be associated with reduced tolerance and greatly increased risk of
cardiac death. The greatest risk was associated with a previous diagnosis ofrgdreasd disease
(CHD) Additionally, substandard cardiorespiratory fitness is a likely contributor to elevated risk of
cardiovascular eveni®auret al., 2011) which is concerning given the high prevalence of
substandard fitness of firefighte(see section 1.6 Overweight and obesity are modifiable risk
factors which havalsobeen associated with increased risk of CVD in firefightessection 1.9.
Thesystematiaeview by Soteriadest al. (2011) identified obesity to increase the relative risk of

on-duty S@ threefold. This again is highly concerning given the high prevalence of excess adiposity
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in firefighter cohorts from around thglobe(Munir et al., 2012; Choét al., 2016;Damacenat al.,
2020)(see section 1.9).

A seminal study bBarnard and Duncafi975)found firefighter heart rates to accelerate by a mean

of forty-seven beats per minute (bpm) upon the fire station emergencybedif sounding. This

regular activation of the sympathetic nervous system, along with the elevated heart rates of
firefighters during firefighting in intense heat, which the study measured to be between 150 and 188
bpm for durations of up to fifteen minute were suggested as being instrumental in the study

observing electrocardiographic abnormalities suggesting ischemia in firefighters.

1.1.1. Pathological mechanisms

Chronic hypertension has been strongly and independently associated wihtgriirefighter

injury, early retirement, early termination of duty, cardiovascular events anduin fatalities of
firefighters(Kaleset al,, 2002) Furthermore, hypertension typically leads to left ventricular
hypertrophy (LVH}Smithet al.,, 2016)which is often associated with fatal cardiac arrythrfliavora

et al, 2012) A postmortem study of USA firefighters who died from C80Dfound 76% of them to
have LVHKaleset al,, 2003) a phenomenon which is not confined to older firefighters, as a study of
USA firefighters under 45 y of age found the heart weight of SCD cases to be 100 g heavier compared
with control casegYanget al, 2013) BMI has been identified as the most consistently strong
independent predictor of LV mass in firefighters (Katal.,, 2016).Whilst obesity islsolinked with
chronic hypertension in firefighter~ahset al,, 2009) the results ofa recent studyof n=77USA
firefighters most of whom (84.9%yere overweight or obeseuggestedhat obesity and the
interaction between increasing BMI and systolic BP leatiiersechanges in electrocardiogram
(ECG) waveform in the forof significantly prolonged QRS duration, which may reflect myocardial

thickening (Dzikowicz and Carey, 2019).

The cardiac strain of firefighting may also be implicated in the vascular responses of firefighters. A
study byHornet al. (2011)measured firefighter heart rates to be elevated fortopone hour post
firefighting. This was coupled with fairly intense physical exertion for thirty to sixty minutes which
the study found to elicit mild hypotension by as much as 23 mm Hg which was considerably greater
than expected. Working in heavy PPEhiense heat also resulted in a reduction in plasma volume
which can further compound post activity hypotensiandis established as being more prominent

in people with hypertensiofHornet al., 2011) which is highly prevalent in firefightefalest al,,

2002 Fahset al,, 2009 Smith et al 2020). Horret al. (2011) also noted another haemodynamic

changepostfirefightingin the form ofa reduction in sukendocardial viability ratio, which is
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indicative of ischemiéHornet al,, 2011) This was measured in firefighters following participation in

simulatedreal fire training events.

Amore recent British study was condad in a similar setting, finding further mechanistic responses
to intense heat and physical exertiexperienced by firefighterdHunteret al. (2017) investigated

the effect of simulated firefighting on theascular functiorof n=19 healthy norsmoking frefighters

with a mean age of 41 y (16 males and 3 females). Following a brief exposure to simulated real fire
training, the study demonstrated pathogenic changes in measures of cardiovascular function. This
included anincreasd risk of thromhus formatia, increased platelet activation and impairment of
vasomotor endothelial function, all of which are mechanistically implicated in the pathogenesis of
acute MI(Hunteret al.,, 2017)

1.1.2. Exposure to smokand fire byproducts

Many by-products of incomplete combustion are present in smoke at fire incidents. A major by
product is carbon monoxide (CO), which has a greater affinity with haemogtahiating to200-

Hpn GAYS& 3ANBFGSNI (KIy 2Eeé3Sy QAcadthergfdre/idhibie & A ( K
oxygen uptake and delivery resulting in tissue hyp@kiast and Zibrak, 1998Jhis can have a
significant adverse impact upon myocardium tissue, which requires a continuous oxygen supply,
leading to myocardial hypox{&atranet al., 2005) Shortterm exposure to CO levels exceeding 200
parts per million (ppm) is considered dangerous, and death can ocamestimated exposte of

1,200 ppm(Lees, 1995)Ambient CO levels have been measured up to 27,000 ppm at fire incidents,
often remairing above the safe level of 200 ppm after the fire is extinguisldwhilst firefighters
routinely overhauthe combusted material and debris, often without wearing respiratory protection
(BolstadJohnsoret al,, 2000)thereby exposing themselves to clinically significant levels of T3
presens a further significant occupational risk factor to the cardiovascular health of firefighters
(Soteriadest al,, 2011)

1.1.3. CVD risk of female firefighters

To date, most firefighter research has been conducted using male subjeasent study oh=41

women firefighters serving in Quebec Canada aimed to evaluate the prevalence of CVD risk factors
(Gendronret al., 2018) Whilst the authors noted that seteported obesity and hypertension in the
sample wee not significantly different compared with ageatched women in the Quebec general
population, a high proportion of the women firefighters were identified as having moderate (11% of
the sample) or high (65% of the sample) CVD risk. This was despit2%usif the sample being

classified as obese by BMI. One modifiable CVD risk factor was reported by 73% of the sample, 22%
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reported two modifiable risk factors, 54% reported at least one major CVD symptom and one third
of the sample suffered from known CVbpulmonary disease. The study identified that 82% of the
subjects did not meet the minimum cardiorespiratory fitness standard eohé&bolic equivalent of
task(MET$, which is consistent with previous research on USA women firefighters by Jethaike
(2012)(see section 1.9.5.1yhich found that78% of study subjects failed to meet the minimum
standard.In the Quebec studyGendronet al. (2018) did not look for statistical associations between
cardiorespiratory fitness and CVD risk therefore no fiomatusions can be made regarding the
seemingly apparent inverse associatlmetween cardiorespiratory fithess and C\fshould be

noted that limitatiors of the studyincludedits purposive sampling strategyhichmay havebeen

prone to selection biaalong with the further limitation of selfeported height and weight as

opposed to objective measurements.

1.1.4. Associationdetween firefighting andancer

Firefightinghas been associated with various genitdnary, henatopoietic, and aerodigestive
cancers, malignant melanoma and brain cantédoriki, Prieto andr8ith, 2019) Specific cancers
which have been associated with firefighting include: esophagus, colorectal, prostate, testicular,
multiple myelomanon-Hodgkin lymphoma, leukaemia, kidney, bladder, brain/central nervous
system, lung, malignant mesotheti@, pharynx and larynx (LeMastetsal.,, 2006; Danielst al.,

2014; Tsaet al.,, 2015) Firefighting and overhauling combusted materials during fosiient work
can expose firefighters to carcinogens including asbestos, acrolein, benzene, formaldamydiese
radicals which can be inhaled or absorbed through the SRRC Working Grou@010;Fentet al.,
2018).Firefighting as a professidras been associated with greater cancer incidence and cancer
mortality JARC Working Groyu@010;LeMasterst al., 2006). A cohort study of 30,000 USA
firefighters observed increased cancer incidence of 9% and increased cancer mortality of 14%
compared to the general population (Danielsal., 2014).The exposures listed above are likely to
have caual roles in this increased risk, and, with the exception of bladder, Lung, malignant
mesothelioma, pharynx and larynx cancers, the majority of the cancers associated with firefighting
have also been associated with obesity/excess adip@sitybySecretaret al., 2016;Kyrgiouet al.,
2017).Therefore obesity reduction may present an opportunity to reduce risk of several firefighting
related cancers. Furthermore, there is a growing evidence base showing significant associations
between dietary behaviour ahrisk of cancer incidence and cancer suryiwith the Mediterranean
diet showing an inverse association with several cancers, particularly colorectal cancer
(Schwingshacldt al., 2017) This presensa further potential avenue of interventiofor redudng
cancer riskOther lifestyle modificationshould also be addressed in attemptsréaluce risk of

cancermwhilst providing other health benefit$ARC Working Groug010).
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Overall there is a strong evidence baseiggestindirefighters to be at increased risk of non

communicable diseases related to their working environment.

1.2.Fitness requirements of firefighters in England

Firefighters are called upon to perform physically strenuous tasks in hot, humid and hazardous
environments and can be called upon to perform more than twenty distinctive movements including
running, squatting, bending, climbing, pulling, lifting and carrying (Office of the Deputy Prime
Minister, 2004). The operational watdiased roles (firefighter, leday firefighter, Sukofficer and
Stationofficer) therefore require a varied range of physical abilities. Some of the most demanding
activities involved in firefighting may be required to be performed infrequently, however, they
remain critically importanto the role when required. Tésecan include carrying and pulling

firefighting hose weighing 25 kg when dry, carrying casualties whilst wearing 25 kg of PPE, carrying
and pitching ladders weighing up to 100 kg and operating cutting apparatus weighigg Bérk

these tasks to be executed effectively and safely in extreme temperatures over a sustained duration
of up to thirty minutes (the approximate duration that a single cylinder of compressed air lasts whilst
working in breathing apparatus), minimum sthards of cardiorespiratory fitness, muscular strength
and endurance are required. Physical fitness is positively correlated with the effective performance
of simulated workrelated firefighting task§Rhea, Alvar and Gray, 2004; Elsner and Kolkhorst, 2008;
Michaelideset al., 2008)

1.2.1. Cardiorespiratory fitness

Firefighting demands ai¢ih standard of cardiorespiratory fitness to effectively and safely execute
operational activitiegvon Heimburg, Rasmussen and Medbg, 20B6ner and Kolkhorst (2008)
identified a strongnversecorrelation between cardiorespiratory fithess and time taken to execute
simulated firefighting task®ue in part to the requirement for firefighters to ladle to support

their body weight whilst undertaking firefighting tasks, most research in this area has focused on
measuring cardiorespiratory fitness in terms of relative maximum oxygen uptake (VO2 max) (VO
ml/kg/min). Whilst it remains difficult to aurately quantify these physical demands in a live fire
scenario, simulated firefighting activitiemabledearlier researchrsto ascertain VO2 maxsing
indirect calorimetry This resulted in &ly estimates of the mean cardigespiratory requirements of
firefighting activities ranigg from 23 ml/kg/minto 44 mi/kg/min? (Bilzonet al., 2001; Holmér and
Gavhed, 2007)This variation may be due to methodologibeterogeneity between studies, with

the latter study using a more realistic simulation which combined work related tasks over a duration
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of twenty-two minutes. This identified stair climbing whilst carrying firefighting appardtliswed

by casualty resee to be the most taxing activities eliciting a mean oxygen cost of 44 ml/kg/min

More recent research commissioned by the Chief Fire Officers Association (CFOA) aimed to derive a
national cardiorespiratory fitness standard for firefighters in the UKgusimulated workelated

firefighting tasks encompassing hose running, equipment carrying, stair climbing and casualty
evacuation. The mean metabolic demand of these tasks with weighted adjustment produced the
minimum cardiorespiratory fitness standard foK firefighters, which was calculated as 42.3
ml/kg/min(Siddallet al., 2016)

1.2.2. Muscular strength and endurance

Adequate muscular strength and endurarare critical for the safe and effective execution of many
firefighting taskgGledhill and Jamnik, 1992; Bilzeal., 2002; Jamnik, Gumienak and Gledhill,
2013) Even so, research has generally focused on the cardiorespiratory fitness levels required of
firefighters. A recent study identified suitable surrogagsesmens of muscular strength and
endurance using gysbhased testgStevensoret al, 2017) Seated shoulder press, seated rope pull
down (singe and repeated) were used as surrogate measures of analdted criterion tasks which
were: ladder lift ladder lower and ladder extension. Usisgnsitivityspecificityanalysis, the study
derived minimum muscular strength and endurarstendards which equated to performance
standards of 3%g in the seated shoulder press (surrogate for ladder liftkdgh the seated

maximal single rope putlown test (surrogate for ladder lower), and 23 repetitions okggat 35

pulls per minute) inhe seated repeated rope putlown test (surrogate for ladder extension). The
authors concluded that these gybrased standards are effective surrogate measures for assessing
the operational readiness of UK firefighters for performance of occupationaitéesiinvolving

muscular strength and endurance.

1.2.3. Fitness testing

Up until 2020 there were no statutory national fithess standards in the Erfglishnd rescue

services FRSk Inthe London Fire BrigadeFB applicants underwent a basic fitness testla

selection stage. After this, aside from a routine occupational health medical check every three years,
firefighters were not obliged to maintain their physical fithess. There was no standardised national
fithess standard to attain, with some FRSs ddittle or nothing in terms of physical fitness, whilst
others had thorough fitness testing and training programr\&dlliams, 2014)Due toa reduction in

fires, firefighters are not exposed to firelated physically demandingestarios frequently enough

to build and maintain role related physical fitness (Office of the Deputy Prime Minister, 2004).
Gymnasiums are provided at fire stations, howegagreverincreasing administrative workload

placed upon firefighters can reduce appunity and motivation to use the gym along with other
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influences (Dobsoat al., 2013). The Chester treadmill fithess assessment, along with a timed series
of work-related tasks are the primary and secondary tests used in UK FRSs to test the
cardiorespiatory fitness of firefighters. The minimum standards are based on the aforementioned
study bySiddallet al. (2016) with the work related tasks test adapted by LFB to be more reflective

of brigade specific working practices. Most other UK FRSs follow the protocols deviSatthlet

al. (2016) In early 2020 LFB introdutenandatory periodic fitness testing for all watblased

operational personnel The Chester treadmill fithess assessment is a steady paced (3.9 miles/hour)
twelve-minute walking incline treadmilbased test with incrementally increasing gradients of 3%
everytwo minutes (from 0% to 15% gradient). Completion of the test resulted in passing the
firefighter as fully fit for duty. A fail resulted in the firefighter bgigiven a fithness improvement plan

by one of four LFB fitness advisors, followed by returning to the testing centre in Paddington London
after a brief remedial periotb undertake the workrelated tasks (secondary test). This is carried out
with the firefighter wearing full fire gear (fire boots, leggings, tunic, helmet and gloves). Depending
on the level of failure, the firefighter would either be referred and issued with an improvement
notice or would be taken offperational dutyand placed on light dudis until theircardiorespiratory
fitness improved sufficiently. Both tests reflect the VO2 max of 42.3 ml/kg/mgiquired of a

firefighter (Siddallet al., 2016) In March 2020 fitness testing in LFB was suspended due to the-Covid
19 dobal pandemic.

1.2.4. Absence of testing muscular strength

DespiteStevensoret al. (2017) concluding that the minimum muscular strength and endurance
standards derived from their study should be applied to all UK firefighters, UK FRSs have failed to
adopt the® standards. Furthermore, there are no known future plans to test these important
components of occupational fithess for UK firefighters, therefore muscular strength and endurance
is not routinely tested. This oversight may be due to bureaucratic contieahthe minimum

standards recommended by Stevensairal. (2017) may result in widespread failure and removal of
of firefighters from operational duties, thus depleting resources and reducing fire cover. This
concern may be exacerbated by an aging woitgpmany of whom now have to work until age 60 y
to collect a pension (Williamet al., 2013) Indeed, declines in strength and power occur in males
and females from age 40 y caused by aggdted loss of skeletal muscle mass (SMMgtter et al,
1997) Acknowledging this phenomenon, and furthermore the prediction that a significant
proportion of servng firefighters between ages 55 and 59 y would indeed fail an occupational
muscular strength test, the 2012 Fire Service National Pension Association BgViglamset al.
(2013) recommended that FRSs implement a national fitness policy that incluelegth training.

Despite this recommendatioi,FB have simply manadated personnel to undertake two 75 minute

26



sessions of physical exercise per week aiiticlear stipulation of strength training within the fitness

policy.

Whilst firefighting requires ratively high levels of physical fitness, there has been an historic

absence of fitness testing. This concern is exacerbated due to an aging workforce.

1.3.Structure, governance and funding of the English fire services

1.3.1. Political $ructures

All of theEnglish FRSs are governed by fire and rescue authorities (FRAS). There dineefBRAS
(seeFigurel.2). Where FRSs share a boundary with a singular upper tier council, that council acts as
the FRA. In this instance, the FRS is an integral compon#ré obuncil, along with other public
services including education, highways, social care and public health. Fifteen FRAs of this structure

currently operate in England.

FornonY SGNRLREAGIY NBIA2ya 6KSNB (KS Cwldrcis@2 dzy Rt

standalone combined fire authority (CFA) becomes the governing body. CFAs consist of elected
councillors appointed by those in charge of each constituent council, with the proportion of
members from each being dictated by relative populathize, with the largest CFA comprising
approximatelytwenty-five members. Twentithree CFAs currently exist in England. Metropolitan
regions follow a similar governance structure to this, whereby members are appointed from

constituent metropolitan councildzive FRAs of this structure currently operate in England.

London and Manchester have a different governance structure, with London recently adopting a

similar structure to Greater Manchester fire service which is controlled by the mayor who is the FRA.

As such, the mayor has responsibility for discharging the duties of the FRA, supported by a Fire
Committee of fifteen members appointed from the ten Greater Manchester local authorities. Similar

to Manchester, the mayor of London has responsibility forERS, however, the London Fire

/| 2YYA3aA2YSNI Fdzf FAE & GKS adlddzi2aNeE NRES 2F GKS
functional body for fire. This unique arrangement in London came into effect in 2018, and like the
aforementioned governance rsictures, is likely to change over time as the political landscape

changes (&calGovernmentAssociation 2017).

1.3.2. Fire brigade sizes and rank structure

London Fire Brigade (LFB) also differs to the other FRSs in itspgirajng 103 fultime fire

stations manned bylmost 4.7 thousand fulime firefighters, making it the largest UK FRS, with
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over 1,000 more firefighters compared with Scotland which is the second largest UK FRS. The other
UK FRSs range from 235-firthe firefighters in Oxfordshire to.4 thousand in West Midlands

(Statista, 2019). Furthermore, whilst most other FRSs still use-#daskd hierarchical structure, LFB
reinstated its rank structure in October 2019. The ranks are as follows: Firefighter, Leading
firefighter, SukOfficer, Sation-Officer, Statio”Commander, Group Commander, Deputy Assistant
Commissioner, Assistant Commissioner, Deputy Commissioner, Commissioner. Unlike the military,
all senior officers begin their career as a rank and file firefighter before passing proadotion

assessments.

1.3.3. Firefighter demographics
I NPdzyR (62 GKANRa 2F (GKS FANBFAIKIGSNEB Dyt 0@t yF

(part-time firefighters who usually have a ftiline job elsewhere). The proportion of wholetime
firefighters has tadually diminished from around three quarters in 2002 (Home Office, 2019). On
call firefighters are usually based in more rural areas where population density is lower. Firefighters
make up the vast majority of the FRS workforce, with the average aggrefighter in England

being 41 y. Currently, 35% of firefighters are aged between 46 and 55 y, 4% are aged 18 t0 24 vy,
therefore the majority (around 60%) are between 25 and 45 y (Home Office, 2020). This is now likely
to become an aging workforce due tiwe imposition of a later retirement date for firefighters

beginning service after5BApril 2006. For to this, firefighters could retire as early as 50 years of age
after thirty years of service. The new firefighter pension scheme has set the minigtiremrent

age to 60 y. This was carried through as legislation despite a government commissioned
independent review concluding that the majority of firefighters currently in service were unlikely to

maintain physical capability to perform the role of fig#ter up to age 60 y (Willianet al., 2013).

1.3.4. Fire stations and watchased rank structure
CANB adldAz2ya IINBE SAGKSNI Sl dza LILIS R LBLE AW ayAQSXEdS al2Lal

multi-appliance stations againtwo fire engines however sonentain three or more. A typical
singleappliance firefighting team (watch) comprises one -®fficer who is the officer in charge of
the watch; one leading firefighter who is the most junior offiaedis delegated administrative
responsibilities by th&ubOfficer; and five firefighters. At a twappliancefire station this staffing

level is roughly doubled, with a Stati@fficer in charge instead of a S@ifficer. At a oneappliance

fire station there are typically five personnel on duty at any gitit@e manning the fire engine. At a
two-appliance station there are typically eight personnel on duty (four per fire engine). In previous
years when staffing levels allowed, a tappliance fire station would be staffed by ten personnel
(five per fire engin). Wholetime fire stations operate a fowatch shift system to provide 24hr fire

cover 365 days per year. The four watches are named: blue, green, red and white, with each watch
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typically being on duty for 42 hours per we@gB therefore have 412 firgfiting watches)This
system follows an eigkday cycle whereby each watch is on duty for two consecutive days from
9:30am to 8pm, followed by two consecutive nights from 8pm to 9:30am, followed by four days off

duty.

1.3.5. Fire station routines

A typical day duty may involve the undertaking of emergency equipment inventories and testing,

skills training, lunchhome fire safety visitdHFSVs gym usage and dinner. A typical night duty may

involve emergency equipment inventories and testingghtlimeal, a training lecture and relaxation
6SF2NB R2 oW ILYSRNA 2R 686G 658y YARYAIKG FyR ntTYnnKN
sleep. At any given moment firefighters can be mobilised to attend emergency incidents involving:

fire suppressiomctivities; water rescues; rescuing persons trapped; animal rescues; flooding; road

traffic collisions; and hazardous material containment.

1.3.6. Governance

The governance method of FRAS is similar to that of local authorities, with FRA members being
responsiblefor directing the policies of their FRS; setting a budget to facilitate delivery of those
policies; and scrutinising performance to ensure that agreed outcomes are achieved within budget

and in compliance with statutory regulations.

1.3.7. Funding
FRA funding is mainly derived from council tax and central government funds which are issued via

local government finance settlements in the form of revenue support grants. FRAs also generate

revenue by charging for some services which may not constituenaergency e.g. regularly being

called to false alarms at commercial premises. Some FRAs generate additional funds via commercial

GNF RAY3 SYGSNIINAASasE AdSd [ C. Qa W. NAIIFRS 9yidSNLNM
approximately, although budgetuts amounting to £45m over the next four years have been

announced by the mayor of London, partially due to the Cd@idjlobal pandemic financial

contingency measures.

1.3.8. A changing workforce

The funding reductions have resulted in a diminishing workftna®@ a high of 31,761 wholetime
firefighters employed in England in 2002, to 22,580 in 20I8cgfor National Satistics 2019). This
period has seen a demographic shift from female firefighters comprising 1.7% of the English FRSs in
2002 to 6.4% in 2B (Home Office, 2019). This is mainly due to a decrease in the number of male
firefighters which decreased by just over 9,900 between 2009 and 2018, as opposed to an increase

of around 350 females within the same periodf{€ for National Satistics 2019). The total
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number of firefighters in England has decreased by 23% since 2009 (Home Office, 2019). Between
2011 and 2018 the percentage of ethnic minority firefighters increased from 3.5% to @ffléé {or
National Satistics 2019).

1.3.9. A changingrofession
English FRSs attended 241,500 fires in 2009 compared with 167,300 fires in 2018, equating to a 31%

decrease (Home Office, 2020). This decline may be attributed to governmental smoking legislation,
flame-retardant home furnitureandan increasef working smoke detectors whereby 90% of
households had one by 2017 (Home Office, 2018). Fih@idlustrates the changes in the numbers

and types of incidents attended by English FRSs in the last decade.

This decline may be a product of the shiftrfra focus on emergency response to fire preventative
work due to the Fire and Rescue Services(2@d4) introducing a statutory obligation to actively
promote fire safety. Combined with the abolition of a perverse funding scheme which rewarded
FRSs withrgater funding if they attended more fires, this shifted the focus to a more proactive
approach compared with the traditional reactive approach. This approach encompasses regular
activities including HFSVs, arson preventative initiatives such as workingowng offenders, and
other community engagement initiatives (Home Offi2818). Whilst the reduction in firefighting

activities has reduced over time, a once active profession has steadily become more sedentary.
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Figure 12. Map of English fire and resca@thorities

Source: Fire and rescue services in England (Local Government Association, 2017).
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Mumber of incidents attended

200810 2010511 201112 2012413 2013114 201415 2015416 201617 2017118
== Total fires Primary fires® ™ Secondary fires2 Chimney fires Fire false alarms
Mon-fire incidents™ Mon-fire false alarms

Source: Home Office, Fire statistics data tables, FIRE0102: Incidents attended by fire and rescue
services in England, by incident type and fire and rescue authority, Table 0102

Figurel.3. FRSs are attending fewer fires compared with 2009, although they are attending more

non-fire incidents

1.4.Firefighter overweight, obesityitness and health

Amongst fortyone male dominated occupations in the USA, firefighting ranks as the third most
obese (CabaiMartinezet al., 2005; Choét al,, 2011). Similar to the USA general population who
have a higher overweight/obesity prevalenten the UK Qrganisation for Economic @peration
and DevelopmentOECR 2014), using BMI, early studies of USA firefighters quantified the
combined prevalence of overweight and obesity to range fron88% (Kalest al., 1999; Clarlet
al., 2002; Soteéadeset al., 2008; Tsismenake al., 2009; Donovaet al., 2009), suggesting a
greater prevalence than the USA general populaflegakt al, 2010) Overweight/obese
firefighters struggle with maintaining physical fitness, demonstrating significangly les
cardiorespiratory fithesanuscularstrengthand enduranceéhan firefighters of @ealthyweight
(Clarket al., 2002; Donovaet al., 2009; Tsismenakes al., 2009; Postort al., 2011 Mayeret al.,
2012;Nogueiaet al.,, 2016) This poses a huge problem, as research by Tietnaly(2010) showed

aerobically unfit firefighters to be at 90% increased risk of suffenmlgllecompared with aerobically
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fit firefighters. Obese firefighters are also less exeraieraint and more susceptible to heat stress

conseqguences and disorders (Donoghue and Bates, 2000; Chung and Pin, 1996).

1.4.1. Overweight/obesityprevalence of USA firefighter recruits

This problem is not confined to seasoned veterans, as over 75% oEtl@its start their careers as
overweight/obese (Tsismenakeés al., 2009). Tsismenakét al. (2009) found 7% of overweight
recruits, and 42% of obese recruits failed to attain the suggested minimum aerobic capacity of 12
METSfor safe and effective pesfmance of firefighting tasks (Donovanal.,, 2009). Conversely, the
same study found that every recruit of a healthy weight successfully attained/surpassed 2 MET
(Tsismenakist al., 2009).

1.4.2. Firefighters gain weight over time

USA firefighters often aamulate excessive amounts of adipose tissue throughout the duration of
their career (Postoet al., 2011). A fiveyear longitudinal cohort study found that the prevalence of
obesity increased from 34% to 40%, equating to a 0.5 kg/y increase (Soteztade2005). This is
conservative compared with other research observing USA firefighters to accumulate an
approximate average of 1.5 kg/y (Ellagtal., 2007) Whilst UK firefighters have also been observed
to gain body weight and fat as they age, resbasuggests it may be at a slower ré@n in their

USA colleagues, and more in alignment with UK general populaticreteged weight gainWilliams

et al.(2013) reported a more gradual average increase in body mass of approximately 10 kg
between ages 20 and 50 yliltKmale firefighters, and approximately 5 kg between ages 25 and 50 y
in UKfemale firefightersThis wageflectedby an average increase indhpfat percentage from 19%

in male firefighters aged 2P4 y, to 26% in male firefighters aged5% y(Williamset al.,2013).

Prior studies also indicate that firefighter overweight/obesity prevalence increases over time (Glueck
et al,, 1996; Ide, 200®012 Daviset al., 2002).Indeed,the average BMI of LFB firefighters
increasedrom 25.6 kg/ntin 2011to 27.6 kg/ntin 2018(seeChapter 4 Figure 4.1

1.4.3. Aetiology of firefighter obesity

Qualitative research into the contributots firefighter overweight/obesity has been carried out by
Haddocket al. (2011). This suggested fire station eating habits to be a problem, where energy dense
food in large portion sizes is often consumed. Twasaccompanied by a snack culture of high sugar
foods resulingin a culture of ovenutrition. Whilst informative, these findings are limited with

respect to understanding the multifactorial perpetuators of overweight/obesity, as explained in the
UK Government Foresight report (2007) (§&pire1.4). This concludedith the report
recommendations from Haddoak al. (2011) going no further than suggestitigit healthy food

option advice should be offered to firefighters.

33



Qualitative research by Dobse al. (2013) concurred with Haddoelt al. (2011), also associag

an obesogenic occupational environment with behavioural drivers éffldSighter

overweight/obesity. Dobsoat al. (2013)took it a step further and identified five themes which
contribute to this occupational group suffering one of the greatest wegght/obesity rates. The

themes werea culture of overconsuming energy dense food in large portions during mealtimes;
sleep interruption from nocturnal emergency calls; a lack of supervisor encouragement regarding
physical fitness/firehouse gym usagefdentary work when not responding to emergencies or
engaging in training on the drill ground; and generational influenidsK fire statiorbased dietary
FYyR fAFTSadetS AYyGSNBSyGAz2y LAf20G GNRIE o0& [Saazy
extensive prior experience of seventeen years as difuk LFB firefighter suggests that the same
themes driving USA firefighter weight gain are indeed highly likely to be driving UK firefighter weight

gain.

1.4.4. Psychological stress and obesity

Firefighters compse an occupational group who suffer the added exposure of high levels of physical
and psychological stress (Ka&sal., 2009 Duran, Woodhams and Bisho#)18 Rodriguet al.,
2018. Research has identified associations between occupational stress and ofditylteet al.,

2007; Kalest al.,, 2009)

1.4.5. Shift workand health

Firefighters are generally shift workers, which is an independent risk factor for increased adiposity,
overweight and obesity, with evidence supporting an inverse association between sleep deprivation
and blood glucose contr¢Van Cauteet al, 2008 | YR af SSLJ RSLINAR QI GA2y Qa |
choice(Spiegekt al., 2004) Shift work and sleep deprivation may adversely affect regular eating
patterns(Karlsson, Knutsson and Lindahl, 208dhulteet al, 2007) and has also been suggested to
interrupt the regular physical exercis# firefightersboth on and off dutyKaleset al., 2009)

Indeed, &ift work is strongly associated with poorer health via obesity, CHD, metabolic syndrome,
type-2 diabetes, pptic ulcer disease, and mental illness (Akerstedt, 1990; Boaigilnuttson,

1999; Harrington, 200Knutsson, 2003; Wargg al.,, 2011). It is worth mentioning that firefighters

may be less exposed to disorders associated with shift work compared With shift workers due

to nocturnal duty sleeping arrangements. Nevertheless, sleep interruption is an integral feature of
firefighting shift systems and has been linked with metabolic dysregulation (Knwassbhn2007)
possibly directly contributing toard obesity and typ@ diabetes (Knuton and Van Cauter, 2008).

1.5.The consequences of overweight and obesity
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1.5.1. Global prevalence

It is well established that excess body fat is detrimental to the fithess and health of humans via
significantincreased risk of ncoommunicable diseas€dNCD) (Jokinen, 208). Overweight and
obesity have become a global panderfiztega, Lavie and Blair, 2016; Sehgl., 2018) and are
defined as abnormal or excessive fat accumulation that may impair heattHqWealth
Organisation[WHO] 2020). Around a third of the global population is overweight or ol§€smoi,

Ding and Magkos, 20190 orldwide obesity has almost trebled since 1975, leading to a prevalence
2F mo: 27T Kdpuladich NithRa Guither 3804 dtlults being classed as overweight in
2016 (WHO, 2020). The majority of the global population reside in countries where overweight and
obesity kills more humans than underweight (WHO, 2020). The USA has the greatesrueed
adult obesity (38.2%) in the world. The UK has the sixth highest prevaleadalbdbesity (26.9%)

in the world (OECD, 2017).

1.5.2. Health and financial burden of obesity

Obesity is causally linked with chronic disease including CHD, hypertensitentie type2

diabetes, joint pain, back pain, musculoskeletal disorders (particularly osteoarthritis), depression,
sleep apnoea, several cancers, liver and kidney disease, reducing life expectancy by three to ten
years (MtionalHealth Service [NHS]J2016). In terms of financial impaabpesity is costing the global
economy an estimated 1.573 trillion pounds annuéllyemmelet al., 2017) On a domestic level
overweight and obesity are also likely to overburden the National Health ServideHlg as well as
the wider economy due to sickness absence from work and reduced piwityiCT his amounted to

an NHS cost of £4.2 billion in 2007, as well as indirect costs estimated at £15.8 billion due to
approximately 16 million lost working days arising from overweight/obesity associated sick leave

(Van Duijvenbodet al., 2009; Foresight, 2Q0.

1.5.3. Aectiology of obesity, gender and ethnicity differences

The aetiology of obesity can invohapositive energy balandallis and Glanz, 2009jenetic
effects(Speakman, 2013yeneenvironment ineractions(Phelanand Link, 2005and social
determinants(Arroyo-Johnson and Mincey, 2016)lales and females have differing regional
distribution of adipose tissue, with males typically storing excess body fat in the abdominal region
which is referred to as thandroid phenotype, and females typically storing excess body fat in more
benign regions peripherally around the body which is nefdito as the gynoid phenotype
(Karastergiotet al., 2012) Different ethnicities also have heterogenous physiological responses in
terms of adipose tissue storage e.g. A@aritbean females have the greatest obesity prevalence

when usingwvaistto-heightratio WHtR as the classification system, whereas Bangladeshi females

35



have the greatest obesity prevalence if waisthip-ratio (WHR)is usedGatineauand Mathrani,

2011). It is also widely acknowledged that South Asian populations are at higher risk of adiposity
related cemorbidities at lower BMIs compared with European populatifiatineauand Mathrani,
2011) Additionally, the Chinese population Haeen identified as a high risk group for hypertension
at lower BMIs compared with European populatigRazalet al,, 2007)

1.5.4. Metabolic syndrome (MetS)

MetS is a complex clustering of interrelated risk factors for &gabetes mellitugnd CVD.

Prevalence of MetS is widespread and is increasipgevalencearound the globe, becoming a

clinical and public health problem which is related to obesity and sedentary beh@itertiet al.,

2009) The risk factors included afe® LIS NI Sy aA 2y déaeada2tA0 .t xmon |yl
K@ LISNINAR It @OSNARSYAl 00 NhakstaroD(SINTmR&/Bfor mendamd Y'Y 2 £ k £ O
<1.3 mmol/l forwomen); hydd Bt @ OF SYA Ll O Fl aldAy3 of-RAiigbl@dt dzO2aS x
3t dz02asS xTtdy YY2fkf RSFAYSR la fo K2dz2NE 0SG6SSy
waist circumferenceWQo x don OV FRINY YBYY > xdpn OY F2NI 'mAly YS
(Albertietal, 2009 LT Yy AYRA@GARdZ ft Qa aSi{ O02YLRyYySyia I NX
medication, they are technically classified as positive for the relevantadstr(s). If an individual

KFa x GKNBS 2F (GKS I T2NBYSyiA2yS RADbNHRead., 2009 OG 2 NA X

A recent cas&ohort analysis of 17,733 adults from eight European countries assessed the
independent and combined effects of weight status, central adiposity and metabolic health on CHD
(Lassalet al,, 2018) The study found greater CHD risk for those with elevated BMI and WC. Whilst
the associatins between BMI and CHeve greatly attenuated when controlling for WC, the

positive association between WC and CHD remained robust when controlling for BMI. Overweight
YR 2@mS&ISo 2f AOFf & KSIFfGiKeé O60GK2AS SfCHK2dz0 aSid{ 0
compared with their healthy weight counterparts. To date this is the largest stuslygport the

positive association betweeanverweight/obedty (including people who are otherwise healthy on a
metabolic leveland early morbiditymortality. This ha important health policy implications as
currently, overweight individuals who present with no standard cardiometabolic risk factors are not
advised weight reduction treatment by USA or UK guideljdessen, Ryan and Apovian, 2014; NICE,
2014) Overweight and obesity are preventable (WHO, 20B6yvever this is a complex condition
which is influenced by many factors including the media, social, psyctalogtonomic, food,

activity, infrastructure, developmental, biological and medical (Foresight, 2007). This complexity is
illustrated by the UK government obesity policy document (Foresight, 2007) and its obesity system
mapdisplayed irHgure1.4.
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Foresight

Obesity System Map / —_

Figure 1.4. Obesity system map (Foresight, 2007)

1.6.Associations between firefighter adiposity and health

Several studies have investigated the relationship between obesity and the health of firefighters.
This research is of particular importanbecause when obesity affects emergency service
personnel, the stakes are high, as due to impaired physical fithess (Michaatliale2011; Williford

et al,, 1999) they are compromising personal safety, the safety of their colleagues and the public
they serve (Moore, 2003 able 1.1 summarises these studies, followed by a summary paragraph
which describes the main findings. This is followed by a short review of each study within the

context ofadiposity and firefighter health.
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Table 1.1Summary of stdies on the associations betweemalefirefighter adiposity and health

Author/year | Sample and Study design | Methodology | Key findings
country

Ide, 2000 n=526 Scottish | Crosssectional| BMI, BP, Over the course of a career, BMI
who retired in | associations | lipids. increased from 23.4 kg/fo 26.6
the decade using data kg/m?. BP increased from 126/77 mmH
beginning collecied from to 137/87 mmHg. fasting HDL
1985. routine cholesterol decreased whilst

periodic triglycerides increased.
medicals.

Ide, 2012 n=114 Scottish | Crosssectional| BMI. Within 5y, 84% of the firefighters had
FFs within 5y | associations gained weight, with 8% of them becam
of enlistment. | using data obese.

collected from
routine
periodic
medicals.
Soteriades | N=270 USA Longitudinal BW, BMI, Accelerating weight gain of 0.52 kgly.
et al,, 2005 cohort study | lipids. Obesity prevalence increased from 359
19962001 to 40%. Obesity correlated with a
clustering of CVD risk factors.

Fahsetal, | N=110 USA Crosssecional | BMI, BP, WC| Positive correlation between BMI and

2009 young (mean | associations | 1 stuffness, | greater peripheral BP and arterial
age: 30y) elastic stiffness.

modulus.

Postonet N=677 USA Crosssectional | BW, BMI, Obese FFs had greater BP, LDL

al., 2011 associations | BF%, WC, BF cholesterol, triglycerides, and lower HO

lipids. cholesterol.

Liet al, N=1023 USA | Crosssectional| BW,BMI, Body fat significantly positively

2017 males and associations | BF%, CRF, | correlated with thenumber of MetS
n=76 females MetS components among both sexes. Invers

components. | correlation between CRF and the
number of MetS components. Half of
the sample failed to meet the minimum
CRF standard. One third of them
harboured at least 1 MetS component.

Smithet al,, | N=603 USA Longitudinal BW, BMI, Females had lower CVD risk. Weight

2020 males and cohort study lipids, increased by 2.5 kg. LDL increased by
n=69 females | 5 years glucose, BP, | and 7.8 mg/df for males and females

respectivelyMale blood glucose
increased by 2.6 mg/dl Hypertension
increased. Male cholesterol increased.
Obesity prevalence increased from-29
And 38% in the males and 115% in the
females.
Over the 5 y periodl 2% of the sample
lost >3% BW (losers). 50% gaineés>3
Mathiaset BW (gainers). The losers had reduced
al., 2020 LDL and increased HDL. The gainers h

increased cholesterol, LDL, blood
glucose and decreased HDL, and
increased risk of 19 risk of a CVD
event.
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Gendron et | N=779 Crosssectional | Self Obesity prevalence and hypertension

al., 2018 Canadian associations | reported: was greater than the agmatched

males BMI, CRF, general population. BMI predicted CVD
CVDrisk risk. 86% of the sample reported at &ta
factors 1 CVD risk factor and 59% reported at
dietary least 2.These firefighters had reduced
intake, estimated CRRA.3% had confirmed
psychological pulmonary, CVD or cardiometabolic
stress. disease44% were classified as high C\

risk. 42% had substandard CRRere
was a sig. association between
psychological stress and the number of
CVD risk factors. BMI category and CV/
risk were both positively associated wit|
SSB intakeand both inversely
associated with fruit and vegetable
intake.

Damacena | N=892Brazilian| Crosssectional| BMI, WC, 35% had substandard CRF. 23% had h
et al, 2020 | male military associations | CRF, blood | cholesterol, 14% had high triglycerides
firefighters lipids and and 31% had high glucose. All 3
glucose. biomarkers were positively associated
GAGK Ty WLHG NRalQ
inverselyassociated with CRF.
AbbreviationsBW, body weightBMI,body mass indexBF%, body fat percentage; WC, waist circumference;
BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipopi©tdin;cardiovascular disease;
MetS, metabolic syndrome; CRF, cardiorespiratory fitn888, sugar sweetahbeverage.

The main findings of the studies summarised in table 1.1 are that firefighter adiposity appears to
increase over time, and excess firefighter adiposity is associated with adverse metabolic prafiles

poorer cardiorespiratory fithes&ach othese studies Avebeen reviewed in greater depth below.

1.6.1. Scottish firefighter adipositgnd health

An earlystudy to investigate associations between weight gain and CVD risk factors in firefighters
was conducted on a sample of male Scottish wholetime firefighters (Ide, 2000). Analysing data
collected during routine (thregearly) medical examinations fron¥52 firefighters who retired in

the decade beginning 1985, the following results were found. Over the course of a career, mean (SD)
BMI increased from 23.4 (2.6) kg7thealthy weight) at recruitment to 26.6 (3.2) kg/foverweight)

at retirement. The propdion of obese firefighters increased from 1.8% to 17.2%. Significant

increases in blood pressure were identified from 126/77 mmHg to 137/87 mmHg (systolic/diastolic).
In addition to these significant longitudinal changes, fasting HDL cholesterol decrelaitsd

triglycerides increased. Based on these changes the author concluded that health educational
initiatives had not been effective for this workforce (Ide, 2000). This early study alluded to a

potentially obesogenic occupation with associated cardiouks and cardiometabolic outcomes.
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More recently the same author investigated changes in obesity prevalence of Scottish firefighters
early in their careerflde, 2012). Ofi=114 male firefighters followed from enlistment to an early
(within five years) ratine medical assessmenipne were classified as obese at enlistment. Within
five years, 84% of the firefighters had gained weight, with 8% of them becoming obese. The author
suggested this to be a concerning indication of a decline in physical fitnéX308 he Grampian

FRS within Scotlandade headline news hiyking a stand on its firefighter obesity proble(8BC,

2008) As a resultan obesefirefighter was temporarily dismissefor failure tomeet fithess targets
although this was quickly overtued following trades union involvement from the Fire Brigades
Union(BBC, 2008).

1.6.2. USA firefighter adipositsnd health
1.6.2.1.0besity and cardiovascular disease risk factors in firefighters: a prospective cohort study
(Soteriadest al., 2005)

An earlystudy to investigate annual weight gain in USA firefighters and its relationship with CVD risk
factors was a longitudinal cohort studymf270 male firefighters in Massachusetts USA (Soteriades

et al,, 2005). From 1996 to 2001 the study reported an areging mean weight gain of 0.52 kgly,
identifying that younger firefighters (< 45 y) gained significantly more weight (double the rate) than
older firefighters, and obese firefighters gained significantly more weight tharobese

firefighters. In that ime the mean (SD) BMI increased from 29.0 (4.1) to 29.7 (4.3). Combined
prevalence of overweight and obesity increased from 88% to 89.6%, however, prevalence of
overweight reduced from 53% to 50%, whilst obesity prevalence increased from 35% to 40%. Obese
firefighters were more likely to have high blood pressure than-abase firefighters, and healthy

weight firefighters were significantly more likely to have higher ldbdlesterol than obese

firefighters. The study also found obesity to be correlated ittlustering of CVD risk factors, which

is also seen in the general populatighbertiet al., 2009) and is consistent with thprevious

Scottish firefighter study by Ide@0). The authors noted the concerning observation that weight

gain accelerated over time and was of significantly greater magnitude in the younger personnel. This
indicated an accelerating trend and a cohort effect more prevalent in the junior firefightdris was

later supported by the aforementioned study by Tsismenaki. (2009) which reported that 75%

of USA recruits start their careers as overweight/obese. The authors acknowledged the limitation of
classifying risk using Bi#vhich is unable taifferentiate between fat and fat free masgther than

BF%, although justified its use by the assumption that BMI is less likely to misclassify the obese or
extremely obese. Whilst they also acknowledged the study limitation of no data on physicay activi

or dietary assessment, they concluded by stating the importance of addressing these modifiable risk
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factors via tailored physical activity programmes, dietary modifications and obesity surveillance
(Soteriadest al., 2005).

1.6.2.2.Impact ofexcesbody weight onarterial structure, function, andblood pressure in
firefighters Fahset al., 2009)

Fahset al. (2009) investigated the impact of excess body weight on arterial structure, function, and
blood pressurdBP)in firefighters. The study involved alaévely young sample af=110 firefighters

with a mean (SD) age of 29.7 (8.0) y. The study grouped the subjects into tertiles by BMI, adopting a
somewhat unorthodox grouping system of lean: <2&gfm?, overweight: 25.29.4 kg/nt, and

obese: >29.4 kg/f As expected, the obese firefighters were significantly older and heavier with a
greater WC compared with the lean and overweight firefighters. The same significant differences
were found when comparing the lean and overweight groups. Compared with thditefighters,

the overweight and obese firefighters had significantly higher systolic BP. A further difference was
found in BP between the lean and obese groups in terms of significantly higher mean arterial BP and
carotid systolic BP. Furthermore, comed with the lean and overweight firefighters, the obese
FANBFAIKGSNE KFR 3INBFGSNIiI adAFFySaa FyR Stladgac
young firefighters, there was a positive correlation between BMI and greater peripheral BP and
arterial stiffness, however, no impairment in endothelial function was observed. The slightly
unorthodox BMI definitions highlights a limitation of the study, limiting its usefulness for

comparisons with other studies. Even so, this study highlighted vascydairiment in overweight

and obese firefighters.

1.6.2.3.The prevalence of overweight, obesity, and substandard fitness in a popul=&et

firefighter cohort(Postonet al., 2011)

A crosssectional study on a cohort 0677 male firefighters serving in the Missouri Valley region of
the USA assessed associations between weight and adiposity status with CVD risk factors including
BP and fasting lipids (Postenal.,, 2011). This studg reviewedn greaterdepth in sectim 1.9.2.1.

in terms ofBMI misclassjing33% of the sample as overweight who BF% found to be obese (false
negatives). The study found that regardless of the measure used (BMI/BF%/WC), obese firefighters
had a greater likelihood of having adverse metabptifiles compared with their noobese

colleagues in terms of greater systolic BP, diastolic BP, LDL cholesterol, triglycerides and lower HDL

cholesterol (Postoet al., 2011).

1.6.2.4.Cardiac health and fithess of Colorado male/female firefightieirst al, 2017)

A recent study of 1099 firefighters, of whom 76 were women, serving in Colorado USA, focused on

assessing the prevalence of MetS componentst(al, 2017). The study found that, after
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controlling for age group, smoking status and alcohol intake, atdyas significantly positively
correlated with the number of MetS components among both sexes. Overall prevalence of MetS was
quite low (10% of the males and 5% of the females), although 36% of the males and 29% of the
females had one MetS component,caB0% of the males and 11% of the females had two. The study
also found an inverse correlation between cardiorespiratory fitness and number of MetS
components. This finding is consistent with previous studies finding that high levels of
cardiorespiratoryitness can #ienuate the positive correlation between MetS components and €VD
associated mortalityMcauley and Blair, 2011; Mcauleyal., 2012) Considering that nearly half of

the sample failed to meet the minimum cardiorespiratory fitness standard, and that around one
third of the sample harboured at least one MetS component, these results support the
recommendation bystoreret al. (2014)who staed that health professionals should be empowered

to use their expertise in guiding intervention programmes with the aim of reducing incidence of
SCiBstroke.

1.6.2.5.Cardiovasculadiseaseriskfactor changesover 5yearsamongmale andfemale US
firefighters Emth et al., 2020)

A recent study by Smitht al. (2020) examined changes in the cardiovascular healtixr603 male
andn=69 female firefighters serving in Virginia USA. Data on CVD risk faetersoected from

two routine occupational medicals separated by five years. To date this is the only study to have
examined longitudinal CVD risk factor changes in female firefigl@erssistentvith previous

studies (Jahnket al., 2012; Chogt al., 2016 Liet al., 2017), the females had more favourable CVD

risk factors than the males. After controlling for participant age, five years after baseline measures,
significant changes were identified whereby body weight increased by 2.5 #eforales andhe

females, which is consistent with the study on male firefighters by SoteritdEs(2005)(see

section 1.6.2.1)BMI increased by 0.8 and 1.0 kdg/rand LDL cholesterol increased by 4.9 and 7.8
mg/dI* for males and females respectively. Male bloagcgke increased significantly by 2.6 mgy/dl

and BP decreased significantly for both sexes however this was attributesidaificant increase in
anti-hypertensive medication. Despite this, 46% and 29% of the males and females respectively had
stage oneor two hypertension after five years. The proportion of male firefighters classed with

above healthy cholesterol and blood glucose increased over five years. Whilst prevalence of obesity
increased from 288% in the males and 116% in the females, assatibns between other CVD risk
factors and obesity were not investigated. Overall, these results support the evidence base
suggesting that both male and female firefighters show a high prevalence of obesity and CVD risk

factors which increase over tinendindependent of age.
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1.6.2.6.Changes in firefighter weight and cardiovascular disease risk factors over fivéMathas
et al., 2020)

The same research group (see section 1.6.2.5) measured changes in CVD risk factors within the study
subjects who lost >3% bodyeight (comprising 12% of the sample), subjects who remained weight
stable within £3% body weight (comprising 38% of the sample), and subjects who gained >3% body
weight (comprising 50% of the sample). The welghs subgroup lost an average of 7.2akgl

showed significant reductions in total cholesterd.b + 3.9 mg/dt), LDL cholesterol§.7 + 3.3

mg/dL?), and BP (systoli€5.3 + 1.3 mm Hg; diastoliet.2+ 1.0mm Hg), and an increase HDL
cholesterol (2.3 + 1.0 mg/d). Conversely, the wght gain subgroup gained an average of 6.6 kg

and showed significant increases in total cholesterol (+12.9 + 1.8 MgAdDL cholesterol (+11.1 +

1.6 mg/dLY), blood glucose (+2.9 + 0.7 mgAjL.10year risk of a CVD event (+2.6 +99,2and a
decreasdén HDL cholesterot1.3 + 0.4 mg/dt). The weight stable subgroup showed significant
increases in blood glucose (+2.7 + 0.9 mgJdILOyear risk of a CVD event (+1.7 +99.2and

decreased BP (systoli&.5 + 0.8 mm Hg; diastolie3.7 + 0.6 mm Hg)Xver the 5year study period,
prevalence of obesitwithin the entire sampléncreased significantly from 27% to 36Phe fact that

50% of the sample were either weight stable/lost weight over the study period may be due to the
w2 St fySaa CAsdeséton 1.1R.¢)Mhich as addEed by the fire department being
studied. Even so, 50% of the sample gained a significant amount of weight, |daelmghorsto

conclude that future research is required to establish the most effective wdagiststategies in

terms of physical activity and dietary modification, stating that the amount of weight gain observed
in this cohort provides strong evidence thie implementation olsuch programmes to improve

firefighter health.

1.6.3. Canadian firefighter adiposignd health

Cardiovasculadiseaseriskfactors in Québemalefirefighters(Gendronet al., 2018)

A recent crossectional study ofi=779 male firefighters serving in Quebec Canada quantified the
prevalence of CVD risk factors and tested for associations with lifestyle val(i@eledronet al.,

2018) The study also tested the accuracy of BMI for corretdlysifying obesity in the sample. This
was undertaken by analysing associations between BMI classification and cardiorespiratory fitness,
dietary behaviour, CVD risk profile and psychological stress. Whilst a strength of this study was a
large sample sizéywo important limitations should be noted whereby recruitment was undertaken

by staff email which could have attracted an unrepresentative samhpdeto potential volunteer

bias Furthermore, all of the data collected was selported via an online surye whichcould be

prone to varying levels of social desirability bias (Worstegl., 1984), recall bias and other

systematic errors generated by subjective measuras. authorssuggestedhat obesity prevalence
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was possibly overestimated due to the ahse of objective measures employed by the study. This is
contrary to the prevailing evidence base which suggests that people generally underestimate their
own body weigh{Wise, 2015)Indeed, a stuyg byHsiaocet al. (2014) investigated discrepancies
between measured and seléported anthropometric informationn a large sample of USA
firefighters finding significant underestimations of weight by male firefightedsi(kg) and female

firefighters ¢1.1 kg) andverestimations in height of 29 mm and 17 mm respectively.

Gendronet al. (2018)estimated the sample obesity prevalence to be 18.8% for the ud8Bler age
ANRdzLIE g KAOK ¢Fa GKS alryY$S Fa vdzSoSO YItS FRdz Ga
y, obesity prevalence was 28.9% which was 6.8% greater than the Quebec mtderathd general
population. The authors mentioned the possibility of BMI generating false positive errors in
populations possessing above average skeletal muscle, however, they then cited the findings of
Postonet al. (2011) who found BMI to underestimabbesity.The authors of the current study
extrapolated those findings to their own study, which concluded that it is likely that BMI does not
overestimate the prevalence of obesity in Quebec male firefigh@endronet al, 2018). A

limitation of the study washat obesity prevalencevas not quantifiecoy any alternative measure of
adiposity, therefore the validity of BMI for classifying obesity in this population remains unknown.
However, he study found BMI to be an impamt indicator of CVD risk in the sample. This is
consistent with research finding that elevated adiposity and obesity is associated wdliitypn

cardiac events in American firefightgGeibeet al,, 2008) It is also consistent with the cross

sectional study ofi=1,462 middleaged firefighters serving in Canada which found significant inverse
correlations betweenveight/adiposity measwes (BMI, WC, WTR and WHtR) and measures of
vascular functionwhichconcluded that anthropometric measures of adiposigpuldhelp refine

estimations of atherosclerotic burdgiMartin et al., 2013)

For the Quebec male firefighterselfreported hypertension within the 2d4 y age group was

significantly greater (5.8% prevalence) than the-aggiched Quebec adult male general population

(3.8% prevalence). The older age group§45y) was not significantly different (19.1% prevalénce
compared with agenatched males in the Quebec general population (22.5% prevalence). This was

an important finding of this study given that chronic hypertension has been associated with

mortality of firefighters asoutlined earlier in this chaptelExtuding age, in terms of unmodifiable

CVD risk factors, 86% of the sample reported at least one and 59% reported at least two. In terms of
modifiable CVD risk factors, 80% reported at least one and 37% reported at least two. Crucially,
13.4% of the firefigters had confirmed pulmonary, CVD or cardiometabolic disease. In summary,

35% were classified as moderate CVD risk, and 44% as high CVD risk. General recommendations are

that people in these risk categories should refrain from physical exertion of inensit85% of their

44



maximal heart rate without medical clearance, although this can be exceeded during firefighting
activities(Bakeret al., 2000; Bot al,, 2004; Bugajsket al., 2007) Concerningly, 42% of the sample
failed to meet the minimum standard of cardiorespiratory fitness. This is consistent with studies of
USA firefighters obsem that between 34% and 56% of firefighters fall below the minimum
cardiorespiratory fitness level (Baet al,, 2011; Postort al.,, 2011). This study also identified that

those with at least one CVD symptom had reduced estimated cardiorespiratory fitoegsmred

with those without symptoms. This is consistent with prior research finding that increased
cardiorespiratory fitness has favourable independent outcomes in terms of reduced CVD risk for
firefighters(Bauret al, 2011) and that a dos@esponse inverse association exists between

firefighter cardiorespiratory fitness and the number of metabolic risk fad®esir, Christophi and

Kales, 2012)in terms of psychological s8s, this study detected a positive association between the
number of CVD risk factors and the level of perceived stress. In terms of dietary intake, BMI category
and CVD risk were both positively associated with sugar sweetened beverage intake, and both
inversely associated with fruit & vegetable intake. The authors concluded that dietary and lifestyle
interventions should be designed and implemented to reduce the high prevalence of modifiable CVD

risk factors in Canadian male firefighté€endronet al., 2018)

1.6.4. Brazilian firefighter adiposity and health

Obesity prevalence in Brazilian firefighters and the association of central obesity with personal,

occupational and cardiovascular risk factors: a ceesgional studyDamacenat al., 2020)

A recent crossectional study ofi=892 male military firefighters serving in Brazil investigated

obesity prevalence and potential associations between central obesity with personal, occupational

and CVD risk factors (Damacesial., 2020). The study reported that despite 65% of the sample
RSY2YAUNI GAYy3 AadZFFAOASY (G OFNRA2NBALIANF G2NB FAlYS
LIKe@aAOlt | OGAQGAGE 6KAOK GKS &ddzRe ONMNan6&fidhe || LI | OS
study methodology which employed an unvalidated-sefforted measure of physical activity which

may have been prone to unknown levels of error and bias. The mean BMI was 2622ikd/mean

WC was 87 cm which indicates a disparity between messwhichis discusseih greater depth

lateronAy G KAa OKFLIISNY myodc: 2F (GKS FANBFAIKISNA K
the sample above the recommended blood biochemical levels for cholesterol, triglycerides and

glucose were 23%, 1486d 31% respectively. Significant positive associations were identified

0SG6SSy (K2aS gAGK Iy WHd NARA1Q 2/ | yRDbloadSs FI YA
glucose. Level of education was not significantly associated with havingisk WC. Significant

AYOSNES | aa20ALGA2ya 6SNBE ARSY (A Frapbried ppySicals SSy (i K 2
FOGAGAGE YR OF NRAZ2NBALIANI G2NE FAUGYySaad {AIYATFAC

45



59 y age range, low physical adtylower cardiorespiratory fitness, higher levels of blood glucose
and triglycerides. The authors concluded that their results demonstrate a need for obesity and

cardiometabolic disease intervention programmes for this population.

1.7.Measuring body compostn

Measuring human body composition is usually undertaken to quantify deficient or surplus levels of a
component that is considered to be associated with health risk e.g. the ability to assess levels of
adiposity and bone mineral density enable clinical doesys of obesity and osteoporosis

respectively. This information is then used to inform appropriate interventions to
ameliorate/attenuate pathogenic disease stafgee and Gallagher, 2008ody composition

analysis is usually achieved using the wempartment (2C) model. This model partitions the body

into two components: fat mass (FM) and fat free mass (FFM). The limitations of the 2C model are its
assumptions of known and constant pentages of FFM in terms of water, mineral and protein.

When these assumptions are violated i.e. in pregnancy, infancy, aging and in certain disease states,
body composition estimation accuracy is compromiflege and Gallagher, 2008he four

compartment (4C) model partitions the body by body mass, volume, water and bone mineral. This is
consideredo be the most accurate way of assessing body composition and is often the criterion
method against which other methods are validated. The limitations of the 4C model are that it
requires expensive laboratory equipment confined to a research settingliffilitis the availability of

the 4C model to clinicians and research@rse and Gallagher, 2008o0dy composition can be

assessed or measured in a variety of ways, each with its own strengths and limitations. Common
methods which use the 2C method include the following: using skinfold callipers, underwater
weighing (densitometry), ailisplacement fethysmography, magnetic resonance imaging (MRI),
computerised tomography (CT), dual enerenax absorptiometry (DXA) and bioelectrical impedance
analysis (BIA). The level of health risk posed by abdominal (central) adiposity can be estimated using
severd anthropometric measures includingraist circumference (WC), or waist-hip ratio (WHR),

or waistto-thigh ratio (WTR)or waistto-height ratio (WHtR).

1.7.1. BMI
caL Aa y2d I YSIadNB 2F 02Re O2YLRAaAGABYS odzi |
Lida OFfOdzZ A2y A& RSNAOGSR FNRY GKS YSI&Adz2NE 2F |
individual height: BMI = weight (kg)/height @) ! LISNE2y Q& ¢SAIKEG &Gk Gdza A

offs displayed iMable 11. The strengths of BI are its ease of administration on a population scale,
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its low financial cost, and its internationally agreed riskaff (Gallagheket al., 2000) Themain
limitation of BMlisits intrinsic inability to differentiate between fat and fat free massisTdan lead
to misclassification of individua{&allagheet al., 2000, a problem which is exacerbated in
population groups possessing a relatively high ratio ofriz¢ mass to fat mass i.e. bodybuilders
(generating false positive errorspéllagheset al., 2000;Choiet al., 2016), or population groups
possessing a relatively high proportion of fat mass tefria¢ mass i.e. South Asian populations
(generating false negative errofd}azalet al, 2007) The validity of BMI as an assegent of

adiposity related health risk is therefore reduced for various population groups.

1.7.2. Skinfold thickness

This method utilises purpodauilt handheld callipers to measure the width of skinfolds which are
pinched and clamped at several designated anatafrsites. Equations are then used to estimate
the total amount of body fat. The strengths of this method are the low financial expensthand
very lightweightportable equipment. The limitations of this method are that it requires a relatively
high levé of knowledge to administer with good precision and accu(&ydriguezt al., 2005) This
means that there is a relatively high chance of inter and intemsurer variability leading to
compromised accuracy and reproducibility, with accuracy and precision being further compromised
when measuring obese subjedtsrayet al,, 1990) Furthermore, the skinfolds method mainly
assesses subcutaneous fB¥( Schutteet al., 2013), andhe equations used in the skinfolds method
assume that alhumans have similar distributions of fat mass, whitnown to be untrue(Razalet

al., 2007) therefore this methodould be considered eelatively crude method for estimating total
body fat Howeverwith a sufficient level of traimg and methodological rigouskinfoldbased BF%

has shown good agreement against the more accurate method of DXA (Aehatak011).

1.7.3. Underwater weighing (densitometry)

This entails weighing the subject in air whilst submerged in a water tank. Fsard then used for
the estimation of body volume, density and fat percentage. The main strength of this method lies
within its high level of accuradBiaggiet al., 1999;Kuriyan, 2018)Its limitations are the
requirementof a research setting with the appropriate facilities, and it being a{ioesuming

process which may cause discomf(i€uriyan, 2018)

1.7.4. Air-displacement plethysmography

The subject sits in a small chamber whilst the machsesair pressure changes between the
chamber being empty and occupied to estimate body volume, which then enables the calculation of
FM. The strengths of this method include a high level of accBiaggiet al., 1999;Kuriyan,2018)

speed of administration, a good option for the elderly, pregnant women and obese subjects. Its
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limitations are the financial expense of the machine and that it requires a research setting, therefore

it is not feasible for use in the field.

1.7.5. MRl ad CT

These are the most accurate methods for measuring body composition. Their main strength is that
they can differentiate between and accurately quantify the distribution of subcutaneous adipose
tissue (SAT), visceral adipose tissue (VAT), intermusdifsose tissue, skeletal muscle, smooth
muscle, organs and bor{eleymsfieldet al., 1997;Lee and Gallagher, 2008}heir limitations include
their financial expense and the requirement of a laboratory setting due to the lack of equipment
portability. Furthermore, Due to ionising radiation levels emitted by CT scans, this method shoul
not be used on children or pregnant femalgtoshikeet al, 2014). Some CT and MRI machines may

not be built to accommodate very large people (BMikd0 kg/n¥) (Lee and Gallagher, 2008)

1.7.6. DXA
This method uses two-ray beams to quantify FM, FFM and bone mineral density. Its main strength

is a high level of accuracy and reproducibilitge and Gallagher, 2008yoviding regional body
composition analysis, and assessment of nutritional status in disease states. Its limitations include its
financialexpense, confinement to a laboratory setting, It cannot accurately differentiate between

SAT and VA(Lee and Gallagher, 200@&nd it should not be used on pregnant females due to the
emission of lowdose radiation. Similar to MRI and CT scanners, most DXA machines are not built to

accommodate very large peopleee and Gallagher, 2008)

1.7.7. BIA
Based on the 2C method, BIA sends small electrical current signal(s) of either a single frequency or
multiple frequencies around the body. The signals face greater resistance, reactance and impedance
when passing through adipose tissue compared with FFM and water. -Segleency BIA assesses

total body water (TBW) and FFM but is unable to reliablyrdjsish between intracellular water

(ICW) and extracellular water (ECW). Multifrequency BIA overcomes this limitation therefore
enabling the valid assessment of hydration status and fluid bal@egmsfieldet al., 1996) Both

versions of BIA technology employ the use of algorithms (predictive equations) which are population
specific, therefore a limitation of BIA is that accuracy is reduced for usepuigimns with

phenotypic characteristics which differ from the reference populatibeurenberg, Deurenbergap

and Schouten, 2002; Kyle, Piccoli and Pichard, 2008)ss calibration equations are used to

account for differencegDehghan and Merchant, 2008)ich as the aforementioned South Asian
phenotype. The most accurate BIA systems are segmental analysers which measure the trunk and

limbs individually (Vernest al., 2015), as opposed to inferior models which assume a constant fat
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distribution based upon an upper or lower body measurement using a-tahdnd analyser or
foot-to-foot analyser respectively. The strengths of BIA aradtaracy, relatively low financial cost,
portability and fast assessment with minimal training, therefore making it a suitable choice for large
scale studiegPietrobelliet al., 2004) Its limitations include compromised accuracy depending on

the hydratian status of the subject, the point at which a prenopausal female subject is at in her
menstrual cycle, underlying disease states and environmental cond{iitsghan and Merchant,
2008) Recently developed, more sophisticated BIA analysers are more accurate, having been

validated to be within 2% accuracy when using DXA as the reference method (¥eate015).

1.7.8. WC

WC is a proxgneasure of central adiposity which utilises stretch resistant anthropometric measuring
tape. WHO (201) recommend measuring WCtiae midpoint between the lower margin of the

least palpable rib and the top of the iliac crest, however some researchersetmaseasure WC at

the level of the umbilicus. The main strengths of this method are speed of administration, the
equipment is of minimal financial cost and highly portable therefore highly suitable for field work,
and WC is positively associated with midity and allcause mortalityJayedet al., 2020) The

limitations are listed below.

1.7.9. WHR

WHR is a calculated by measuring WC and hip circumference ugta sesistant anthropometric
measuring tape, followed by dividing WC by the hip circumference at the widest level of the
buttocks, over the trochanters. The strengths of WHR are the same as forh&@mitations are

listed below.

1.7.10. WTR

WTR is calculatedybmeasuring WC and thigh circumference (usually of thedwninant leg) using
stretch resistant anthropometric measuring tape, measured at the-poitit between the inguinal
increase and the proximal border of the patella. WC is then divided by thighmdfgeence. The

strengths of WTR are the same as for WC and WHRlimitations are listed below.

1.7.11. WHtR
WHIR is calculated by dividing WC by height. The strengths of WHtR are similar as for WC, WHR and

WTRThe limitations are listed below.

1.7.12. General limitatbns of waist measurements and ratios

Similar to WC, WHtR is just as susceptible to inter and-m#asurer error, the magnitude of which

is unclear (Verwwegt al., 2012). An absence of internationally agreed measurement protocols and
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a lack of training contribute to the problem, which may be exacerbated when administered around
Ot 20 KAYy3Id 2/ FyR 21 (dwQa @dbdomiRakfit are disa qetiiBablé asof S Y I N
they are unable to differentiate between abdominal subcutaneous adipose tissue and visceral
adipose tissue, which can vary significantly for a given WC (Thetrahs2012).Other general

limitations of circumference indices include: interdaintra-measurer variability potentially reducing
accuracy, precision and reliability of measurements; difficulty in identifying the correct anatomical
measurement site, particularly in obese subjects; anthropometric measurement tape tension can
compromisereproducibility; protocol heterogeneity between studies; inthnicity variability with

cut-off values often unavailable for many populations; ratio indices are more-praore as two
measurements are necessary; measuring WC depends on bone strysitase of respiration,

muscle mass, relaxation of abdominal muscles, fasting/postprandial state and posture of the subject

(Medical Research CoundiRG, 2018).

Table 12. Analogous BMI, BF%, WC and WHtR weight status/adiposity status/health risk
classifcations

Adiposity measure Under Healthy Overweight/  Obese
weight/ Overfat
Underfat

BMI <18.5 18.5¢24.9 25.0¢29.9 X 0N
Males 2639 y <8 8¢20 20.1¢ 25 > 25
Asian males 2@9 y <13 13¢ 23 23.1¢ 28 > 28
Males 4@59 y <11 11¢22 22.1¢ 28 > 28
Asian males 4B9 y <13 13¢ 24 24.1¢ 29 > 29
Males 6679 y <13 13¢ 25 25.1¢ 30 > 30

BF% Asian males 6d9 y <14 14¢ 24 24.1¢ 29 > 29
Females 289 y <21 21¢ 33 33.1¢ 39 > 39
Asian females 289 y <25 35¢ 35 35.1¢40 > 40
Females 4G9 y <23 23¢ 34 34.1¢ 40 > 40
Asian females 469 y <25 25¢ 35 35.1¢41 > 41
Females 609 y <24 24¢ 36 36.1¢ 42 > 42
Asian females 6@9 y <25 25¢ 36 36.1¢ 41 > 41
Males *o4 941¢ 102 >102

WC (cm) Asian males X dn > 90
Females B0 80.0¢ 87.9 X Yy
Asian females X oyn > 80

WHIR <05 0.5¢0.59 X NP

Abbreviations: BMI body mass index, BF% body fat percentage, WC waist circumference (cm), WHtR waist
heightratio. BMI and WC ranges derived frg§dyHO, 200Q)BF% ranges derived frai@allagheet al., 2000)
WHTtR ranges derived frofi\shwell, 2011)
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1.8.Classifying risk

The graded classification of adiposity status is important for enabling health care professionals,
clinicians and researchers to identify individuals at increased risk eEommunicable diseases

(NCDs), thereby indicating those who may benefit from interventions to reduce risk of poor health
outcomes. NCD and mortality risk level in terms of body composition is generally defined in terms of
adiposity, with little attention paid to skeletal musateass (SMM). This can be considered an
oversight given that SMM is important agegulator of wholebody glucose homeostasis via insulin
mediated glucose disposal. Low muscle fitness has been associated with increased metabolic risk
(SteeneJohannessent al., 2009) and muscle strength has been positively correlated with insulin
sensitivity (Bensoet al,, 2006) An everincreasing automated environment is not only obesogenic,

but also reduces the requirement for physical activity. Inadequate physicaitacgsults in anabolic
resistance leading to the atrophy of SMM, reduced mobility and, at the extreme end of the
spectrum, sarcopenigMorton et al, 2018) In recent years researchers have begun to realise the
AYLRNIFYOS 2F {aaQd NRBfS AyMdtenetalLROPSIMIERAAZ2Y 2 F A
public health perspetive this is particularly important in an @igg population such as that of the UK
(Office for National Statistig®©NS] 2018). This recently manifested in leteal. (2020) producing

the first SMM reference values for UK adults. These references actiagple assessment tool for
nutritional surveillance, enabling clinicians and researchers to identify adults with low SMM and

those at risk of sarcopenia.

To some extent, body composition changes throughout the life course are inevitable. SMM typically
declines from age 50 y with a gradual loss of muscle fibres resulting in an appendicular muscle fibre
reduction of roughly 50% by age 80Raulkne et al,, 2007) Conversely, FM increases with ¢
Ongeand Gallagher, 2010yhilst these deleterious effects of aging can be attenuated to some
degree via nutritional and physical activity interventidfiorton et al,, 2018) the inevitable

deterioration of body compaosition was the principle behind the production of the commonly used
agerelated BF% sk cutoffs (Gallagheet al., 2000).

This international study aimed to develop an adiposity risk classification system to overcome the
limitations of BMI. A sample oFE1626white, African American and Asian adults were evaluated in
three research centre UK, USA and Japan in the creation of the system. The resulting BF% ranges
(seeTable 11) were developed using reference methods (densitometry and DXA) for measuring
total adiposity, which were then converted to sex, age and ethnicity specific BF% i@mmgegous

to the standard BMI range3dble 11). A conclusion of the study was that future studies should

focus on the issue of agelated adiposity increase even when BMI remains constant. This alluded
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to the problem of a constant BMI value potentially masking synergistic body composition changes in
terms of increasingfM and decreasingFM A crosssectional study ofi=64Australian firefighters

did indeed find that BMI masked differences in body conitims between younger and older

firefighters which were detected by DXA and BIA, whilst BMI and WC were not significantly different
between age groups. The study concluded that BIA may be a practical alternative for assessing the

body composition of profesonal urban firefighters (Smest al., 2019).

This potential masking effect is nexclusivelyconfined toanthropometric measuresas BF% can
itself mask changes in body composititvhilst BF% is a more valid body composition assessment
tool than BMIt is still prone to potentially high rates of misclassificatiothman, 2008jlue to
limitations which are described in detail elsewh¢BosyWestphal and Muller, 2015PBriefly,
becauseBF% is a proportional measure as opposed to an absolute measure of adiposity, it is
affected by FFM, therefore high/low levels of FFM drive the BF% downward/upward respectively
(seeFgurel.5a). Furthermore, characterising health risks via BF%, and aimgpasults between
studies is challenging due to the lack of internationally agreed riskf€piints for body fatness
(RomereCorralet al., 2010). The reference chart risk effs which currently exist are devised for
the general populatioriGallagler et al. 2000)and therefore may not be appropriate for application

to demographics who require a leaner body composition.

The problems associated with proportional (percentage) measures of body compositien w

overcome in the UK white adult body composition references developed bgtlabg2020),

whereby both SMM and FM were adjusted for participant stature by dividing by heightThi$

converted SMM to the SMM index (SMMI) and FM to the FM index (FMisthag measures of

SMM and FM for height overcomes a further limitation of proportional measures such as BF% i.e.

two people of the same weight and BF% will have differing body composition status if they are of
different heights, whereby the shorter pens will have a greater FMI. For example, two people who

each weigh 100 kg, of which 40 kg is FM, each possess 40% FM. If one of the people is 1.5 m and the
other is 2 m in height, then the first person is overfat with an elevated FMI compared with the othe

person. This example is illustratedAgure 1.5b (BosyWestphal and Muller, 2015).
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Figurel.5. Justification for using heigfatdjusted indexes as opposed to proportional measures when

classifying body composition. (a) The same percentage of faddyn result from a decline in FFM (left

picture) or an accumulation of FM (right picture). (b) Two subjects with the same body weight, the same body
fat percentage, but of differing heights will have different nutritional states i.e. Elevated FMI tegrea

adiposity (left picture), whereas lower ffitee mass index (FFMI) = lower muscle mass (right picture){Bosy

Westphal and Miller, 2015).
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1.9.Prevalence of firefighter overweight and obesity, @&Mlgenerated misclassification

Several studies have invesdted the of firefighter overweight, obesity and how BMI misclassifies
firefighters against other adiposity reference measures. This research is of particular importance,
because populations with greater skeletal muscle are prone to greater risk of ssificiation when

using BMI. Table 1.3 summarises these studies, followed by a summary paragraph which describes
the main findings. This is followed by a short review of each study within the context of

overweight/obesity prevalence, adiposity and misclisaiion.

Table 1.3. Summary of studies on the prevalentmalefirefighter overweight and obesity, and

BMLgenerated misclassification

Author/year | Sample and Study design Methodology | Key findings
country
Munir et al., | N=735 UK maleg Longitudinal BMI, BF%, Overweight & obesity prevalence:
2012 cohort study WC. 65%. Significant increase in obesity
20082011 prevalence of 2% after 3 y. Half of thg
overweight firefighters had a healthy
WC.
Postonet N=677 USA Crosssectional | BW, BMI, BMI generated false positives: 3%
al., 2011 males BF%, WC (BF%) and 10% (WC). False negativs
muscular 33% (BF%) and 13% (WC). Obese
strength. firefighters demonstrated significantly
less muscular strength and CRF.
Jitnarinet USA males Crosssectional | BMI, BF%. BMI generated false positives
al., 2014 (ethnically investigation (Caucasian): 5% (BF%). False
diverse sample)| into obesity negatives: 41%. BMI generated false
misclassification positives (African American, Hispanid
and Pacifidslanders): 13%, 7%, 21%
respectively. False negatives: 28%,
27%, 14% respectively.
Jitnarinet USA males Crosssectional | BMI, BF%. BMI generated false posits: 10%
al., 2013 (predominantly | investigation (BF%), 63% (WC). False negatives: ]
white Caucasian into overweight (BF%), 5% (WC).
sample) misclassification
Choiet al, | N=347 USA Crosssectional | BMI, BF%, Combined prevalence of overweight
2016 males WG CVD risk| obesity: 80% (BMI), 56% (BF%), 499
factors (WC). BMI generated false positives
(overweight cat.): 64% (BF%), 60%
(WC). False negatives (obesity cat.):
35% (BF%), 27% (WC).
50% of the sample had a level of
adiposity significanyl associated with
the majority of CVD risk factors. A
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third of them demonstrated
substandard CRF.

Guerevich | N=167 Russian | Crosssectional | BMI, BF%, Obesity prevalence: 22% (BMI), 60%
etal, 2017 | males WC. (BF%), 28% (WC). BMI generated fa
positives: 3% (BF%), 6% (WC). False
negatives: 65% (BF%), 36% (WC).

Portoet al., | N=3,822 Crosssectional | BMI, BF%. Obesity prevalence: 13% (BMI), 16%
2016 Brazilian male (BF%)BMI generated false positives
military (obesity caf): 7%. False negatives
firefighters <50y (obesity cat.): 53%.
of age
Nogueiraet | N=4,237 Crosssectional | BMI, BF%, Overweight prevalence: 54%. Obesit
al., 2016 Brazilian male WC. prevalence: 15% (BMI), 17% (BF%),
military 13% (WC). Median BMI: 26.6. Madi
firefighters <50y WC: 90cm. Median BF%: 21.7%.
of age Around half of sample had

substandard CRRA strong sig. inverse
association between CRF and

weight/adiposity.
Damacena | N=892 Brazilian| Crosssectional | BMI,BF%, Overweight prevalence: 49% (BMI).
et al, 2020 | male military WC, CRF, Obesity prevalence: 11% (BMI), 26%
firefighters bloodlipids | (BF%). WC >94cm: 19%. This 19% h

and glucose. | sig. poorer CRF hyperglycaemia and
hypertriglyceridaemia.
Abbreviations: BMI, body mass ind®€&%, body fat percentage; WC, waist circumfere@dé), cardiovascular
disease; CRF, cardiorespiratory fithess

The main findings of the studies summarised in tabB=ate thatprevalence ofirefighter

overweight and obesity is generally hjgind excss firefighter adiposity is associated with adverse
metabolic profiles and poorer cardiorespiratory fitheBs4l misclassifies a high proportion of
firefighter populations, and misclassifies differentially depending on a number of factors including:
nationality of the firefighters, region (differential misclassification within the same country),
ethnicity, the reference measure used and the BMI category being studlaah of these studies

have been reviewed in greater depth below.

1.9.1. English firagfjhters

1.9.1.1.0verweight and obesity in UK firefightdMunir et al., 2012)

To date one study has investigated overweight and obesity prevalence of firefighters in England,
investigating the weight status and adipositynaf7/35 male firefighters serwinin a UK county FRS
(Munir et al,, 2012). The proportion of overweight firefighters was measured to be greater than
prevalence within the UK general population in 2008, with 65% of firefighters classified as either

overweight or obese (54% and 11%). Whlie proportion of overweight personnel reduced to 53%
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in 2011, a significant rise in obese firefighters of 2% was measured. The authors suggested that for
firefighters classified as normal weight, it was unclear whether weight gain was due to increased
muscle mass or body fat development, suggesting further research into firefighter body
composition. The authors also noted that their sample derived from a single county fire brigade and
may not be representative of the entire UK fire service, which caddae external validity. Their

study identified mean individual weight changes to be minor, suggesting that obese personnel could
benefit from weight loss intervention. In terms of misclassification, the results of this study indicated

that approximately hlf of the overweight male firefighters had a healthy WC (false positives).

This study had two limitations which may have compromised the accuracy of anthropometric and
body composition measurements. Firstly, they were taken by occupational health petsonn

therefore inter and intrameasurer reliability is unknown. Secondly, to obtain BF% estimates, the
Omron BF306 body composition monitor was used. This is a relatively inexpensive and crude
analyser due to the technology making an estimate of overaficaily based upon arro-arm

upper body bioelectrical impedance analysis (BIA). The standard error of the estimate is reported as
+/- 4.1% (manufacturer data), therefore adiposity characterised by BF% in this study should be
interpreted with caution. A fuher study limitation was due to the study sample serving a single
geographical region (an undisclosed English county). Furthermore, the mean age (SD) was 37.6 (8.5)
y, which is younger than the average of firefighters in England (@oye Office, 2019)herefore
generalisability to other English FRSs is limited. Further still, the considerably lower age of the study
A YLX S ONAYy3I&A Ayid2 ljdzSadAazy | O2yOfdzaAazy 2F GKS
the same fitness and health problem&a | { ! FANBS Fard,RUEHINE ¢ 0 a dzy A NJ

1.9.1.2 A dietary and lifestyle worksite intervention to reduce high prevalence of overweight and

obesity for London firefighters (Lessons and Bhakta, 2018)

A later study on a small samplersf38 UK firefighters by Lessons and Bhakta (2018) found BMI to
classify 70% of the sample as overweight/obese. However, when assessed by BF% and WC, a
reduced prevalence of 54% and 42% respectively was found, whichmites b the average

English male: 54% @idith Survey foEngland 2014). This indicates a sample overestimation of
combined overweight and obesity by BMI of at least 16%. Most notably, overweight prevalence was
far greater by BMI (54%) than by WC (18%3<bns and Bhakta, 2018). There remains a lack of

research in UK fire brigades, especially those serving metropolitan cities.

Most studieshaveprimarily used BMI to classify overweight and obesity, which Pastah (2011)
investigatedas a potentially misleading measure due to concerns regarding high rates of

misclassification leading to false positive errors in athletic/active and/or muspojfaulations. This
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was the reasoning behinah earlyUSA epidemiological cresectional study to assess firefighter
adiposity status using a variety of measures in an attempt to overcome this issue, and also to assess

associations between weight statdgness and CVD risk factors

1.9.2. USA firefighters

1.9.2.1.The prevalence of overweight, obesity, and substandard fitness in a populsEed

firefighter cohort(Postonet al., 2011)

An early investigation by Poste al. (2011) into the validity of BMI to correctly categorise the

adiposity status of USA firefighters found that when using the analogous indices of BF% and WC as
reference measures, BMI generated very few false posi{#&sand 10% respectively) despite the
widely held perception that firefighters typically possess greater levels of SMM. Jithacpposite
occurred whereby BMI misclassified 33% of the sample as overweight who BF% found to be obese
(false negatives).ne BMigenerated false negative error rate was lower against WC (13%),

indicating that 20% of the firefighters in this study with@-obeseBMI were above the BF%

defined cutoff for obesity (which was defined as 25%), and below thed&fided cutoff for obesity

(202 cm) highlighting the differences between adiposity measures and their rigfsuhe

authors noted that significant differences between BB&sed obesity and BMiased obesity

disappeared upon analysing firefighter adiposity using thrdedit algorithm on the BIA analyser. It
should be noted that the athletic setting is not appropriate for indiscriminate use in people who are
not highly active. Furthermore, given the difficulty associated with accurately assessing individual
physical agvity levels, it has been suggested that BIA produces the most accurate measurements
using the standard setting regardless of physical activity level (Vetrady 2015). The study by

Postonet al. (2011) therefore found BMI lacked sensitivity for clBésg obesity in their sample,
GKAOK (GKS FdziK2NBE OKF NI OUGSNRASR Fa aalAyye 7FlFiaé
GKAA LIKSy2YSy2y al G €SIald AN 2SR INOIIREEEfSNES 3 NS |
2011) This was in referende a secondary analysis of the NHANES |l ReanereCorralet al.,
2010)which used a lower BFéat-off of >23.1% (compared with >25%) for defining male obesity,

thus highlighting potentially important heterogeneity between studies. As Pastah (2011) found
BMLlbased obesity to generate a similar proportion of false passtiid0%) and false negatives

against WC (13%), along with the high false negative error rate against BF% (33%) this suggests low
SMM of the sample (which would have contributed to the false negative error rate), however, this
was not measured or mentioned@he authors did however note that obese firefighters in the study

demonstrated significantly poorer muscular strength, as well as significantly poorer
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cardiorespiratory fitness. They further stated that, regardless of weight status, only 39%tmhéull
firefighters and 24% of volunteer firefighters attainedsarpassed the minimal fithess standard of

12 MEB(Postonet al,, 2011). In the absence of objective data for SMM, the poor strength

measured in this study alongside the Biised false negative teof 33% and the sample mean

BF% of 25.3% and WC of 96 cm identified a workforce of high adiposity, low SMM, poor strength and
poor cardiorespiratory fitness. Whilst the authors acknowledged the limited external validity of the
results due to the fire stéons being based solely in one geographical region (Missouri Valley), the
study concluded that it was clear from their data that in a populatiased sample, BMI has a

greater propensity to underestimate obesity than overestimate it when compared withotiiver

measures of body composition.

1.9.2.2.Accuracy of body mass inddefined obesity status in US firefightedstidarinet al., 2014

A further limitation ofthe previous study b¥Postonet al. (2011) was a lack of ethnic diversity. A
ddz04SljdzSyd &aidzRé GKSNBET2NBE Ay@SadA3arasSR . aLQa ol
firefighters of greater ethnic diversity (Jithaetal., 2014). This study identified differential

misclassifiation by BMI according to ethnicity, whereby Caucasian firefighters suffered a relatively

high rate of false negative erro(41%) wherusing BF% as the reference measared a relatively

low rate of false positives (5%) which is consistent with the pres/studyby Postonet al., (2011).

The rate of false negative errors was considerably lower for African American firefighters (28%),

Hispanic firefighters (27%), and Pacific Islander firefighters (14%), as opposed to the rate of false

positive errors whik was higher for African American (13%), Hispanic (7%), and Pacific Islanders

(21%). This study therefore highlighted body composition heterogeneity between ethnicities, thus
FAZNIKSNJ RAYAYAAKAY 3 . alLQa gt ARE®Y.28 F2NJ I OOdzNT S

1.9.2.3.Accuracy of body mass inddefined overweight in firefighterslitharinet al., 2013

¢KS alyYS NBaSIHNOK 3INRdzL) O2yRdzOGSR | &aAYAT I NI Ay@S
firefighters into the overweight category (Jitnaghal> HamMo U0 ® ¢ KA a alddzRéQa Ayl
the earlier study by Postoet al. (2011), stating that misclassification of Bibéised obesity is not a

significant issue among firefighters (Jitnaeiral., 2013). This declaration was made despite a 33%

false negative error rate when compared with BF% (Postat, 2011). It is the opinion of this

author that a 33% false negative error rate demonstrates a concerningly poor level of sensitivity

which couldof course lead to the related underestimation of health and fitness discrepancies,

followed by a lack of intervention. Jitnarm al. (2013) conducted a secondary analysis of data from

the Postoret al. (2011) study (comprising predominantly white Caugagirefighters), once again

finding a low rate of false positives (10%) and a moderate rate of false negatives (22%) generated by
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BMI compared with BF%. When comparing BMI with WC, misclassification changed dramatically,

finding a false positive error ratof 63% and a false negative error rate of 5%. The authors noted

that the majority of the firefighters who were overweight by BMI and healthy by WC were just

below the WC overweight cuiff of 94 cm. This again highlights the rigid nature of universabffat

F2NJ RSTAYAY3I [RALRAaAAGE adlddzad ¢KAA addzRe faz |
specificity for correctly identifying healthy firefighters. This misclassification may then of course
overestimate morbidity and mortality risk aféfighters. This was further investigated in a different

region of the USA (California) (Ckoal., 2016).

1.9.2.4.Comparison of body mass index with waist circumference and skib&sldd percent body

fat in firefighters: adiposity classification andsociations with cardiovascular disease risk factors
(Choiet al., 2019

Choiet al. (2016) examined 347 male firefighters, finding that combined prevalence of overweight
and obesity was 80.4% by BMI, 55.6% by BF% and 48.7% by WC, thus BMI was found to
overestimate combined prevalence by at least 25%. Consistent with Jigtaaln(2013), prevalence

of overweight was far greater by BMI (57%) than by WC (25%), howeveet@h@R016) also

found BMI to overestimate overweight prevalence (albeit tesser extent) when compared with

BF% (38%). In terms of misclassification, BMI showed poor sensitivity for detecting obesity,
misclassifying 35% and 27% of firefighters@sobeseagainst BF% and WC respectively.
Misclassification was about twice as liké the opposite direction (false positives) in the

overweight BMI category, with 64% and 60% of the male firefighters being misclassified by BMI as
overweight compared with BF% and WC respectively. When compared wighdhiousUSA

firefighter studies these findings suggest that the relationship between USA firefighter populations
differs depending on geographical region, however there was some consistency between the USA
studies whereby prevalence of overweight firefighters as characterised by Btavsistently
substantially greater than by WC, leading to an inflated combined prevalence of overweight and
obesity by BMI compared with WC. Regarding BMI and BF%, the study l&y &Ih@016) identified
results which were the opposite to the previcsisidies i.e. the other studies found combined
prevalence to be higher by BF% than by BMI. The poor specificity demonstrated by BMI for correctly
identifying healthy weight firefighters in this study was supported by weak associations between
BMlbased oveweight and CVD risk markers when compared with the healthy weight group. When
the investigators analysed this relationship after redefining overweight by BMI fre2® Zbkg/nt

to 27.529.9 kg/nt, the associations between overweight and CVD risk became relatively strong. This
redefining of the BMI overweight category also strengthened the levels of agreement between BMI

and the other two adiposity measures. The authors therefore suggested taraative definition of
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BMLtbased overweight for firefighters in the absence of more valid measures of adiposity. This study
also emphasised that 50% of the firefighters examined presented with a level of adiposity
significantly associated with the majority CVD risk factors, with one third of them failing to attain

the minimum cardiorespiratory fitness level of 42.3 ml/kg/miThis was despite the authors stating
that the fire department studied had one of the strongest andstR dzNJ 6 f S -FifteS Df Yy S & &
programmegsee section 1.12.2Zompared with other USA fire departments (Cabal., 2016).

1.9.3. Russian firefighters

Obesity prevalence and accuracy of Bifined obesity in Russian firefightdSurevichet al.,

2017)

To date one study has investigated obesity prevalence and misclassification of firefighters in Russia
(Gurevichet al,, 2017) This identified obesity prevalence to be 22%, 60% &3%d By BMI, BF% and

WC respectively in=167 male firefighters. False positive rates generated byliigéd obesity

were low against BF% (3%) and WC (6%). Conversely, false negative rates generateoidsg@MI
obesity were high against BF% (65%) and(36@). The quality of the measurement procedures for
this study was unknown due to measurements being taken during routine annual medical
assessments, thus inter and intnaeasurer error could have affected accuracy. Even so, such a high
rate of false negives suggests a population group of haytiposity. The authors noted that the
generalisability of the resultsaslimited due to the sample serving in a single region (Moscow),
although the prevalence of obesity was similar to the male Russian gengualbgion. This study
provides another example of excess firefighter adiposity and differential misclassification by BMI,
highlighting the importance of using other measures of greater validity for measuring adifgdssty.
particularly high level of obesitybserved in this study is consistent with a ckssstional study of

South African firefighters which reported a 42.5% prevalence of obesity alongside a high prevalence
of significantly correlated risk factors for cardiometabolic diseAshifat, Leachnd Onagbiye

2019). The authors concluded that urgent intervention in terms of lifestyle modification and weight

management is required for this occupational group.

1.9.4. Brazilian firefighters

1.9.4.1. Agreement between BMI and body fat obesity défons in a physically active population
(Portoet al., 2016)

A large crossectional study on=3,822 male military firefjhters serving in Brazil investigated the
sensitivity and specificity of BMI for classifying obesity against the reference measure (Rd@&o

et al, 2016) Data was used from standardised annual physical fitness evaluation records which were
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collected in 2009. Firefighters over 50 y of age were excluded due to a differing physical evaluation,

and a further 182 (4.3%) eligible firefighters were excluded because of incomplete data or

physiologically implausible values. This may suggest thanhtasures were taken and/or recorded

with a lack of adherence to strict protocols. Furthermore, BF% was assessed by measuring skinfold
thickness, which is prone to high levels of inter and im@asurer variability, possibly leading to

results of low preaion and accuracy compared with more sophisticated methods suitable for field

work such as BlfMarriott and Grumstrugscott, 1990) Finally, the BF% coff of 25% was used to

define obesity, which is 3% lower than suggested by Gallasgledr(2000) for assessing BF% of non

Asian males between 40 and 59 y of age. This of course would haviedesuh greater proportion

of firefighters being classified as obese by BF% in this study, therefore results of this study should be
interpreted with these points in mind. The mean BMI of the sample was 26.5°kBhevalence of

obesity by BMI and BF% wh3.3% and 15.9% respectively. Specificity of BMI for correctly classifying
non20SaAirite gl a podm:>z K2oSOSN) . aLQa aSyarairgaide ¥
2F aSyardAagrie Aa LIR2NBN GKFy ! {densvvityif®8 FANBTFAIKI
detecting obesity (using BF% as the reference) to be 67%, 59% and 65% éPabt@®11; Jitnarin

etal, 2014; Choetaly Hnamc O NBALISOUAGSted ! fGK2daAK .alLQa al
the fact that prevalence levelsasimilar between BMI and BF% reveals that over half of the

firefighters classified obese by BMI must have a-obase BF% (false positives). This highlights the
importance of not just assessing sensitivity and specificity, but to also assess the propoftfalse

positives and false negatives within each BMI category. Indeed, the fact that obesity is an extreme
condition means that specificity against a reference measure will generally appear to be relatively

good by virtue of the fact that two categes exist below obesity, i.e. there may be many false

positives in the overweight BMI category, but the measure of specificity in terms of the obesity

category, will classify those cases as being correctly classified axbaee.

The prevalence of obesifiL3.3%) in this sample of Brazilian firefighters was considerably lower than
observed in USA firefighters (:36%) (Chaogét al., 2016; Postoret al., 2011). This may be due to the

Brazilian fire brigade being a military institution with physical traimialicies(Nogueiraet al., 2016)

compared with USA fire departments which are civil organisations with loosely based, if any fithess
requirements. The authors suggested that a lower BMiattito define obesity could be considered

for physically active popations. Upon investigating this option within the study, this improved

.alQa aSyardAirgaride FT2NJ RSGSOGAy3a 20Sarides K2gSOSN
FANBSYSylG o0SG6SSy .aL YR .G:> 08 XME:® ¢KS | dzi K?2
AONBSYAy3 G22¢ G2 SaGAYFOS 20854aA( dPotddBIFL £ Sy OS Ay
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2016) Whilst obesity prevalence by BMI may have been similar compared with BF%, many

individuals in this study were misclassified by BMI.

1.9.4.2 BodyComposition is Strongly Associated With Cardiorespiratory Fitness in a Large Brazilian

Military Firefighter Cohort: The Brazilian Firefighters Stidbgueiraet al., 2016

A study of male military firefighters serving in Brazil investigated the assosdigtween
cardiorespiratory fitness and body composition using a variety of adiposity megdogseiraet

al., 2016). Data was collected or4,237 1850 y old male firefighters during routine occupational
physical examinations in 201\deight/adiposityindices included BMI, BF% and WC. The median

BMI was 26.6&g/m? and prevalence of overweight and obesity was 54.3% and 14.7% of the sample
respectively. The median cardiorespiratory fitness was 42.4 ml/kgfmith around half of the

sample with VO2 mascores >12 METS. The median WC was 90 cm and BF% was 21.7%. A strong
significant association was found between cardiorespiratory fithess and body composition regardless
of age and the method afieight/adiposityassessment. This prevailed across a variety of statistical
analyses (correlation, group comparison, and estimated risk) and across diffegigtt/adiposity

indices. The consistency of these results led the authors to recommend that both cardiorespirator
fitness andneasures of body weight/adipositban be used interchangeably to assess operational
readiness. Whilst the authors acknowledged widespread concerns that BMI may overestimate
overweight and obesity among some occupational groups, due to tidty $inding a similar obesity
prevalence characterised by BMI, BF% and WC of 14.7, 16.8 and 13.2% respectively, along with
research on Brazilian firefighters by Poetioal. (2016) finding BMI not to overestimate obesfsee

section 1.9.4.1)the authorsof this study concluded that BMI appears to be the optimal method for
body composition assessment. This conclusion failed to acknowledge the many individuals who were

misclassified by BMI in the study Bgrtoet al. (2016)

1.9.4.3.0besity prevalence in Brazilian firefighters and the association of central obesity with

personal, occpational and cardiovascular risk factors: a cresstional studfDamacenat al.,

2020)

A more recent study ai=892 male military firefighters serving in Brazil quantified the prevalence of
overweight to be 49% and obesity to be 11% characterised by(Bathacenaet al., 2020) Whilst

BF% and WC were measured, the sensitivity and specificity of BMI for classifying overweight and
obesty was not investigated. 19% of the sample had a WC >94 cm, suggesting a high rate of false
positives generated by BMI. Prevalence of obesity as characterised by BF% was greater (26%), once
again highlighting complex differences in body composition irggomally, regionally and ethnically.

The study reported associations between those firefighters with a WC >94 cm and-8%y5ége
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range, poor cardiorespiratory fitness, hyperglycaemia and hypertriglyceridg@araacenat al.,,
2020)

1.9.5. Female firefighter bodgomposition and obesity

To date, nostudiesexist to characterise UK female firefighter body composition, weight status or
overweight/obesity prevalence. This can be attributedeémalesaccounting for a small minority
(6.4%) of UK firefighterdiome Ofice, 2019). The research undertaken thus far has focused on
North Americarfemalefirefighter obesity, generally neglecting the overweight category, with the

exceptions beingJahnkeet al,, 2012)and (Chokgt al., 2016).

1.9.5.1.The health of women in the US fire servidahnkeet al., 2012)

A study of a small sample of wholetim@menfirefighters 6=18) and volunteer women firefighters
(n=13) in the Missouri Valley Regi@lahnkeet al., 2012)was part of the larger male firefighter study
by Postoret al. (2011)(see section 1.9.2.1The average age of teomenwas 33 ymaking them
considerablyounger than the males. In general, the wholetime women firefighters demonstrated
better health and fitness than their volunteer counterparts. For the wholetime women, BMI
classified 17% of them as overweight and 17% as obese. Obesity prevalence intv&8¥édvhen
characterised by BF%, however, this dropped to 18% when characterised by WC. Compared with
their male counterparts (Postogt al., 2011) and the general USA adult female population,
prevalence of overweight and obesity was lower by BMI, BF¥%\&hih the women firefighters.
Whilst the Jackson Strength Evaluation System found 71% of the wholetime women to be within the
high range for strength, and the sit & reach test found a similar proportion to fall within
good/excellent flexibility ranges, §n22% of them achieved the minimum cardiorespiratory fitness
recommendation of 12 MES The accuracy of the cardiorespiratory fithess data may be
guestionable due to the indirect assessment method (Jacksah, 1990) of a norexercisebased
method whid is a selfeported, crude method of estimating VO2 max. In terms of misclassifi¢ation
the rate of obesity was almost double by BMI compared with ,BEggesing poor gecifidty of

BMI. The studyalso revealed that over half of the women firefighterpogted at least one session

of binging on alcohol in the preceding month although the authors noted that the alcohol scores
derived from the validated questionnaire did not give rise to concern in terms of potewhi@rse
occupational or social outcomeghe study also reported that around 25% of the women firefighters
fell within the range of concern for depression, as measured by the-C&@vin, Artin and

Oxman, 1999)which wa higher than the USA women average of 1@8fiters for DiseaseControl

and Prevention2010) The authors noted that further research was required for female firefighters,

as firefighters are acknowledged as being at increased risk of mental health concerns due to the
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stressful nature of the occupatigqiMurphyet al, 1995, 1999; Corneit al, 1999; Duran,

Woodhams and Bishopp, 2018) ¢ KS & (i dzR@o@wias it kekyysmall daiple size therefore,
along with its focus on firefighters in tididwest of the USA, the external validity of the results is
very limited. This study represented the first look at the health of women firefiglifedsnkeet al.,
2012)

1.9.5.2.Comparison of body mass index with waist circumference and skib&sdd percent body

fat in firefighters: adiposity classification and associations with cardiovascular disease risk factors
(Choiet al., 2016)

The study byChoiet al. (2016)(reviewedin sectionl.9.2.4 for male firefighter$, alsoassessed the
body composition of a very small numberfemalefirefighters =8) in California USA, finding 12.5%
(n=1) to be overweight by BMI, 25%=@) to beoverweight by WC, and none by BF%. In terms of
obesity, 12.5%nE1) was classified as obese by all three measures. Similar to the male firefighters in
the study, all three adiposity measures were strongly correlated withamwaher, although the
pattern of association appeared to be slightly different in feenaleswhereby the correlations
between BMI and the other two measures were stronger, however the correlation between BF%
and WC was weaker compared with the male firefighters. This can be attributpzhetic

differences between males and females characterised by android and gytmendtypes i.e. males
being more likely than females to store adipose tissue centfidbyastergiowet al., 2012)

Interestingly and counterintuitively, the study also found age to be inverselycéed with all

three adiposity measures in the women firefighters (G#tail., 2016), however such a small sample

size precludes any meaningful generalisability.

1.9.5.3.Cardiac health and fithess of Colorado male/female firefightieirst al., 2019

A USA study af greater sample size tdmalefirefighters (n=76Jound a similar rate of obesity
(compared with the California study section 1.9.5.pby BMI (11%) which was about half the
prevalence level of obesity in the male firefighters (23%). This study also measured mean BF% to be
22% in thdemalesand 21% in the mles thus women firefighters appeared to be considerably

leaner relative to theibiological requirement to store more body fat than ma{Esirastergiotet al,

2012) This study did not report detailed sampling methodology therefore selection bias may have
compromised the generalisability of the results, although the proportionally larger sample of male
firefighters 6=947) may suggest that selection bias was not a major issue, as the female firefighters
comprised 8% of the total sample, indicating a lower likelihood of purposive sampling of female

firefighters
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1.9.5.4 Cardiovascular disease risk in femalefighters(Gendronet al., 2018)

A study ofn=41female firefighters in Quebec Canada reported a mean (SD) BMI of 23.7 (3.8) kg/m
and, similar to the previous two studies, an obesity prevalence of(G%dronet al.,, 2018) This
aldzRe Qa al YLIX Ay Juestidnhdires ® @@merfifefightefd ylkeltiell §f shmgje
equating to 7% of all women firefighters in Quebec. This may well have attracted an
unrepresentative sample which, when considered along with the further limitation ofeadfrted
height and weight aspposed to objective measurements, there is a changeossible errors within
thisa G dzZRe@ Q& NBadz G4

1.9.5.5.Cardiovasculadiseaseriskfactor changesover Syearsamongmale andfemale US

firefighters Smithet al., 2020)

This study ofn=69femalefirefighters in Virginia US@eviewed in greater depth in section 1.6.2.5.
reported a mean (SD) BMI of 25 (3.7) k&/BF% of 28.9 (8.6), and WC of 82.1 (10.7)Smithet

al., 2020) The study classifie10% of the female firefighter sample as obese by BMI, however this
prevalence doubled to 20% when characterised by WC. This suggests poor sensitivity of BMI for

classifying female firefighter obesity which warrants further investigation.

Whilst prevalere of obesity appears to be lower in North American female firefighters compared
with their male colleagues, a paucity of research is available for women firefighters globally.
Furthermore, none of the female firefighter studies to date have investigdiedsensitivity and
specificity of BMI for classifying weight status against other measures of adiposity. Similar to the
male firefighter studies, the assessment of skeletal muscle also seems to have been overlooked by

researchers thus far.

1.10 The detary behaviourand assessmerdf USAfirefighters

A paucity of research exists characterising firefighter dietary intakamlyconfined to USA studies
Early studiesused qualitative researctechniquesto investigate irefighter dietary behaviour

(Haddoclet al., 2011; Jahnket al., 2012; Dobsoet al., 2013) Interviews with USA firefightdbcus
groupssuggestedire stationsto be obesogenic environmentshich are unofficially governed by

social norms which are uniquely rdsist to changeWhen questioned about the fire station food
environment,a culture of peer pressure to overeat became apparafing with the overriding

demand for fire station food to be plentiful, inexpensive and highly palatable. This has resulted in a
worksite food environment which is dominated by excessive portion sizes, refined starch, saturated

fat, free sugars and a lack of fibre (Haddethl., 2011; Jahnket al., 2012; Dobsoset al., 2013).
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SFGAY 3 | L&t ak Z0120Rede& dh by Dobsant al. (2013) concurred with
Haddocket al.(2011) and Jahnket al. (2012) Dobson and colleaguegent a step further by
identifying five core themes drivirthe obesogenic food environment of USA fire stati(see
section 1.4.3)Two recentstudies haveinvestigated the dietary behaviour of firefighters usang

guantitative approach

1.10.1.The influence of habitual protein intake on body composition and muscular strength in
career firefightergHirschet al., 2018)

This studyacknowledgedhe importance of implementingutritional strategies to lower firefighter
adiposity whilst maintaining SMM due to tikghimportance ofadequateSMM for safe and
effectivefirefighting performance.This was a crossectional study to assess relationships between
protein intake, bodycomposition and muscular strengthiir43 overweight/obese male firefighters.
Dietary assessment was achieved using a thi@gdietary record, body composition was measured
by DXA, and muscular strength was measured by leg extension isokinetic dynamdbietiyy
analysis of the sample revealed the average reported macronutrient proportional intake to comprise
44% carbohydrate, 17% protein and 39% fat. Interestingly, despite a prevailing western dietary
pattern, onethird of the sample reported consumingnder the recommended protein guidelines of
0.8 g/kg'. This insufficiency could of course be inaccuracy derived from misreportingh{apter

5), althoughthe authors suggestethat the low intakes werenore likely to be a product of caloric
restrictioncaused by reactivity biatuie to prospective dietary assessmeas opposed to
underreporting.The primary results revealed that the firefighters reporting higher protein intakes
relative to their body weajht possessed less body fat and greater percentage FFM. The firefighters
who reported the lowest protein intakes (< 0.8 gMgossessed more body fat and less percentage
FFM than their colleaguesitiv higher protein intakes. In terms of muscular strengtsults
unsurprisinglyshowed an association betweernless favourable body compositiggreater FM, BF%
and less %FFM)d reduced muscular strengtfihe authors stated that these results suggested that
increasing relative protein intake above 0.8 gtkgay elicit beneficial effects upon body
composition. However, this causality cannot be concluded due to the esessional design of the

study. Furthermore, physical activity was not assessed, which of course is an important confounding
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variablerespongble for stimulating muscle protein synthegistherton and Smith, 2012The

authors concluded that protein supplementation via protein shakes dr pigtein meal

replacement shakes could prove an effective apprdaclincreasing protein intakes and reducing
obesityrates of firefighters. This seems to be an excessively bold conclusion considering the

extensive limitations of the study. Furthermot&ge financial expense incurred from regular protein
supplementation of an entire occupational group would potentially render this as unviable in a

financially challenged public sector organisation, however this was not considered by the authors.
Further sill, promoting longli SN  ydzi NA Sy & adzlJJ SYSydalrdAazy 62@S
considered unethical consideringathexcessively high protein intakes could elevate risk of non

communicable diseaséBelimaris, 2013)

1.10.2.Evaluating nutrient intake of career firefighters compared to military dietary reference

intakes(Johnson and Mayer, 202BACN position statement on military dietary reference values for

energy Gcientific Advisory Committee on NutritifBACHN 2020)

The most recent study to assess firefighter dietatgkesis byJohnson and Mayer (20203imilar to

the previous study, this was a cressctional design utilising thregay dietary records ai=150 USA

male firefightersThe purpose of the study was to quantify nutrient intakektive to the Military

Dietary Reference Intakes (MDR#) doing so, the results showed that that the majority of the
firefighters reportedcertainnutrient intakes below the MDRT his included low intakes of total

energy, percentage of total energy from carbohydrdiiere, linoleic and alphdinoleic acid, calcium,
magnesium, zinc, potassium, folate and vitamins D aribBversely, the sample reported nigint

intakes above the MDRI for percentage of total energy from fat, sodium, iron, selenium, phosphorus,
vitamin A and the B vitamini terms of micronutrient requirementshe USA MDRI recommesd

that military personnel consume more calcium, iron, magjnm, selenium, phosphorus, folate and
vitamin C than the USA general populatidoi{nson and Maye2020) The UK military dietary

reference vales (DRVs) contrast with the USA MDRI, concluding there to be insufficient evidence to
warrant micronutrient DRVs fddKmilitary personnel which differ from thelKgeneral population
(SACN, 2020)

The rationaldbehindJohnson and Mayer (2020%ing the MDRas a referencewasbased on their

analogyof firefightersbeingOt  aa SR Fa Wil OG A Oaldemdndskire IkeélySah® ¢ K2 A4S
more closelyaligned with other tactical athletes such as military persorhah withthe nutritional

demands of thegeneral publicThese military guidelines may however be inappropriate for

application to firefighters due to the intermittent and unpredibta workoadthat firefighters may

be required to perform. Indeed, as discussed earlier in this chapter, firefighting has gradually
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become a more sedentary and obesogenic occupation. This is reflected in an occupational group
suffering from a high prevalee of overweight and obesity, as characterised earlier in this chapter.
In contrast, military personnel are forced to maintain léglevels of physical fithess through
frequent training Caninoet al., 2019. Military personneli.e. soldiers) in a neaperational setting

can afford to tram vigorouslyfor longperiods as they are not generally mobilised into warfare at a
momentQ@ notice. The frequent trainindperefore increasesarbohydrate requiremends it is the
primary enggy substratgMataet al., 2019. The UK military DRVSs reflect this increased energy
demand by spulating thatmilitary personnel have estimated average requirements (EAR) for
energywhich, depending on their role range between 600 kcal and 1,700 kogkahedailyenergy
demands of the general population (SACN, 2026 proportional intake of carbohydrate is also
recommended to increase to comprise up to 65% of total energy intake for the most physically
demanding military roles. This is 15% gredkemn the proportional intake of carbohydrate
recommended for the UK general population (SACN, 2@i&) is basedpon the physical
performance demands of elite athletéSACN, 2020T.hese guidelines do however acknowledge
inter-individual differences ienergy demand amongst military personnel. As stioby advise risk
managers to consider these differences when allocating rations for activities, particularly in less
predictable operational settings, being aware of individuals within tHe&d 75" centiles having
differing energy requirement€ven so, it is clear that these guidelines promote considerably greater
intakes of energy and carbohydrate which are vablbve the general populatiorequirements

(SACN, 2020Herein lies a key difference between occupations, as firefighters cannot afford to
physically deplete energy reserves and fatigue themseitelst exercising at statioto anywhere

near the same level due to their requirement of being operationally réadiigh intensity

firefighting operations at a mome®& notice.Furthermore, firefighters are not forced to exercise
whilst on duty and are sometimes even deterred from doing so due to administrative dDbéson

et al,, 2013) As a result, the MDRInd UK military DRM®Bay exist because it is easier to quantify the
habitual energy expenditure of military personnel. To attempt to feed more sedentary firefighters a
similar amount of carbohydratand total energymay well result in positive energy balandeading

to denovolipogenesis and concomitant increased adiposBrgbleand Ntambi, 201Q. The premise
of the MDRI study byohnson and MaygP020)may therefore be fundamentally flawed. Whilst
firefighters may have similar nutritional requiremenitsathletes on occasion, positive energy
balance should be avoided, as excess adiposity is likely to have a far giehzsgeseimpact on

physical fithess and occupational competency of firefighters compared witlogtilmal muscle
glycogen stores. Furtherore, a firefighter is highly unlikely to deplete glycogen stores within the

typical timeframe of intense firefighting, which is approximately thirty min(téstated by the
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standard duration of a compressed air breathing apparatus cylindennson andlayer(2020)
concluded bystatingthat firefighting is @ occupation which requires future research to focus on
developingcustomisedRVs. Given the unstandardised nature of fire station physical exercise
regimes and the heterogeneity in emergency call volumes between fire stations, this is likely to be
unfeasible, asdividualenergy demands will vary considerably in an unpredictatd@&ner.
Futhermore, fire station meals are cooked in a farstlfle manner, tlereforewide variation exists
between firefighting watches in terms of the types and amounts of foods being consumed. This
makes standardisation of firefighter dietary intakedeasible, comparedith the catering
arrangements of the armed forces, whioperatea canteenbasedmeal systen{when not on
operational deployment) or ratiopack basedneal systen{when on operational deployment), both

of which are famore feasiblego control nutritionally.

These extensive differences between occupatioesedargelyoverlooked by the researchers who
stated that the occupational demands of professional firefighting are much more closely aligned
with the military than the generglopulaion (Johnson and Mayer, 2020)he authors assumed
accurate selreported dietary intakes, therefore concluding that the firefighters were consuming
inadequate energy, thus implying them @ in negative energy balance. This assumpsieemed to
overlookthe high average adiposity of the sample which was a mean BF% of 22%, which would
suggest that the firefighters are more likely to be in positive energy balandegiaatedby the vast

majority of firefighter adiposity studieso date (see sectiori.9).

1.10.3.Preliminary development of a tactical athlete nutrition sc@lehnson and Mayer, 2020b)

Johnson and Mayer (202(eviewed in section 1.10.2)luded to the need for validated methods

for assessing firefighter dietary intaké&s a preliminaryesponse to this, the sameuthors

RS@OSt 2SRRI XN®IST W G Kf S S uginigthdlFaraerdretgry idtaBe ddi @omdheé ! b { O
sample ofn=150 male firefightergJohnson and Mayer, 20BP An individual TAN®-10 pointscale)
was derived from intakes of energy, protein, omeyfatty acids, total sugar and fruigsvegetables.
The researchers focused on these five nutritional domains because of their relevance to firefighter
health and performancelhe authors gggestedT ANSut-offs of 02 = low risk; & = moderate risk;

and >6 = high risk, although they acknowledged that the TANS is yet to be valldsiteglthis

system Johnson and Mayer (2020b) categorised 95% of the sample as moderate/high risk,
suggestinghat a small minority of firefighters report optimal dietary intakeghin the five

nutritional domains The authors concluded théitefighter dietaryimprovement is requiredia

nutrition interventions(Johnson and Mayer, 208D
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1.10.4.Modified Mediterranean diet score and cardiovascular risk in a North American working

population (Yanegt al., 2014)

The only known dietary assessment method validated f@&fifjhtersis a fifteen item questionnaire
devised to assess adherence to a Mediterranean (anget al, 2014) This however des not

guantify nutrient intakes, rather it generates a modified Mediterranean diet score (mMDS), which
Yanget al. (2014)found to be predictive ohnthropometry ancbio-markers implicated in MetS i.e.
greater adherence to the Mediterranean diet esaracterised by a higher mMDS score was inversely
associated with obesitgnd MetS The questionnaire was also able to highlight differences between
obese respondents and healthy weight respondents in terms of the obese firefighters consuming
more fast/take-away foods and sugar sweetened beverages with méaalsontrast to the studieby
Hirschet al. (2018) and Johnson and Mayer (2020; 202@ixh were performance related in terms
of the physical demands of firefighting, this study focupacelyon firefighter health promotion.

The mMDS was later validated against the reference methods of a more comprehensive FFQ
validated for the general population and kioarkers(SotosPrietoet al., 2019)in a cohort of USA
firefighters Whilst the mMDS questionnaire demonstrated good agreement with the mMDS score
derived from a more comprehensive 1-&&m FFQ, there was very little agreement with biomarkers.
The authors suggested that thisudd be due to limitation®f the study including a small sample size
and possibleselectionbias.The same research group selgsiently published a study which looked
for associations between mMDS scores and anthropometric and biochemical indicetsih USA
firefighters(Romanidotet al., 2020).The results showed that most of the expected associations
between the mMDS and CVIBk factors became statistically naignificant when controlling for
physical activity. Theemainingsignificant associationsere between a unitary increase in mMDS
score and HDL cholesterol, and a preferable total colesterol/HDL ratio (Romanidb2020).
Whilstthe mMDS provides a method for gauging general mediterranean diet adherence in USA
firefighters, there remainsraabsence of validated dietary assessment tools to comprehensively

guantify firefighter dietary intakes.

This highlights the importancefor developingand validatingools tocomprehensivelyassess the
nutritional staus of firefighters, andbo utilise the fire stationworksite settingfor staging

interventions designed tamelioratemodifiable risk factors such as overweigintd obesity.
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1.11 General worksite interventions

1.11.1.Systematic reviewsand metaanalyse from which common denominators of failure and

success can be learned

1.11.2 . Worksite weightloss programmes

A systematic review of worksite weigluss interventions, which consisted mainlyrahdomised
controlled trials RCTy reviewed by Benedict anArterburn (2008) identified worksite interventions
to be effective for modest, shoterm weight loss of participants who finish programmes.
Consideration for weight maintenance or loss beysianonths was not reported by most studies,
with the questia of progranme durability remaining unanswered. Intensity of Interventions were
found to be partially associated with programe success, i.e. interpersonal contact with study
subjects more regularly than monthly was identified to be a hallmark of prograeffivacy, when
compared with interventions involving less than one meeting per month. This review found that
adequately controlled trials, both nonrandomised and randomised were suffering from poor
programme design. The majority of studies did not repbeir attrition rates or participant
recruitment methods. The review stated that further research is necessary due to widespread study

heterogeneity.

1.11.3.Worksite physical activity and nutritional interventions for the control of overweight/obesity

A grstematic review byAndersoret al. (2009) also identified strong evidence of a moderate but
consistent influence on weight loss. This was consistent for both sexes in a varying plethora of
workplace settings. A common problem identified was that not &hsured outcomes were being

fully reported, thus indicating potential confirmation bias and as such possibly compromising
internal validity. Again, programme intensity was positively associated with programme impact, with
structured programmes, in terms dfrected scheduled sessions, showing greater efficacy than
unstructured programmes (selfdirected). Behavioural counselling in conjunction with information
was found to be more effective than information alone. Programme efficacy was found not to be
deperdent on group leader level of expertise (lay vs professional). Although the differential effects
of programme focus were inconclusive, it was identified that greater weight loss was achieved with

multi-component intervention programmes.

1.11.4. Wrksitehealth promotion intervention effects on dietary behaviour

Mhurchu, Aston and Jebb (2010) suggested that workplace interventions have a moderately

beneficial impact on dietary behaviour. Eating habit questionnaires and FFQs were most commonly
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utilised fordietary assessment. Common faults of studies were identified which included: reporting
of multiple outcomes without a prstated hypothesis or primary outcome, a paucity of objective
outcome measures, and statistical analyses were regularly inappropbiateto ubiquitous poor

study quality, it was concluded that future studies should use objective measures,
comparison/control groups which are well matched; and mleliel interventions (incorporating
worksite environmental modification) of extended duiatito assess longerm efficacy. It was also
suggested that combining qualitative with quantitative process evaluation is required to better

understand reasons for success or failure of interventions with such complexity.

1.11.5.Evidencebased workplacénterventions: an overview

Schroer, Haupt and Pieper (2013) identified that dietary behaviour, physical activity and weight loss
outcomes may be influenced by interventions, but no evidence was found for one type of
intervention outperforminganother. It was concluded that the focal point of worksite health
promotion initiatives should target either nutrition behaviour, physical actieitweight loss.

Dietary behaviour can be influenced by interventions based entirely on nutritional education
conjunction with environmental modification. Physical activity was found to be improved by multi
component interventions including organisational changes, step counting and active commuting.
Again, the question of sustained change remains unansweuedo short duration studies of less

than 6 months. It was once again concluded that ratdtinponent interventions were the most

likely to have the greatest impaot weight reduction.

1.11.6.Shift work interventionPreventing Obesity Without Eatingdi a Rabbit (POWER) (Morogtn
al., 2011)

The majority of shift work interventions have attempted to modify shift patteowstrolling dark

and light exposure, and phaacologicalntervention to promote sleep, wakefulness and adaption.
Arare RCT to usa behavioural change modality for shift workers, provided strong and robust
evidence of its benefit. BNPOWER trialssessed the efficacy of a worksite weight loss programme
for overweight male shift work employees. The intervention components invoheigée faceto-

face informational session designed to educate participants on diet, energy balance, physical
activity, weight loss and behavioural change strategies which includethseitoring, goal setting
and social support. The study utilised a fedecharge, open access website for weight loss, which
they used as a vehicle for weekly body weight reporting alongside daily exercise and food diaries. In
return, the participants were given individual feedback via email throughout the threeth
intervention. The feedback comprised of energy intake reduction, personalised weight loss, and

physical activity integration strategies. Participant queries were answered by research assistants in
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weekly email contact. All participants were provided with a pedt@nand a weight loss handbook.
Significant favourable results were achieved in terms of WC, body weight, resting heart rate (RHR)
physical activity and systolic blood pressure. This RCT indicated that aomiftonent, low dose

weight loss worksite intasention consisting of a single ofte-one session, online support and a
workbook could be efficacious. Previous efficacious interventions had been more intensive regarding

faceto-face contact (Benedict and Arterburn, 2008).

1.12. Fire stationbased health inteventions(see Tablg.17, pp.212-214for a summary

of firefighter dietary and lifestyle interventions published to date)

1.12.1.¢ KS YHe&thyNi¥efighter ProgrameQNational Volunteer Fire CounddYF{, 2003¢

present day)
The N/FGattempted to ameliorate the firefighter overweight/obesity crisis, with the aim of lowering

FANBTAIKGSNI RS (HedlthyFiEgiter RroghameDK § 2 OIdAISRI 2y OF NRA 2 ¢

health improvement via fitness, nutrition and educating on riskdescof heart disease. This multi

component programme provideweb-based information and resources targeted to promote

healthy behaviours and empower firefighters to start their own health and wellbeing programmes.
Programme areselfregulated by participnts and not measured for health outcomes, essentially

devolving responsibility for funding and utility to individual departments and firefighters. The

nutritional recommendations on the website have not been updated since 2011. The website now
offerstheW?! ®{ ® CANB ! RYAYAAUNI GA2Y I SIfOGK FyR 2SffyS:
{ SNBAOSAaQ 6KAOK Oy 06S R2gyf2FRSR® ¢KAA R20dzySy
updated since. Although the main graphic on the front of the PDF file is agagth of an apple,

the advice within focuses on physical activity with no information regarding dietary behaiour.

element of the programme was to train firefighters as department health and wellbeing advocates.

This initiative was to be built upon the IAFF/IAFC Wellness Fitness Initiative.

1.12.2. Wellness Fitness Initiative (WFNtérnational Association of Firefighters [IAFR&1d
International Association ofre Chiefs [IAFCR018)

Launched in 1996, the WFI is tistwidespread and longest running programme which has
evolved and been adopted by many provinces and states across Canada and the USA. The
programme aims to improve firefighter quality of life via a comprehensive approach including the
following componentsfitness, nutrition and behavioural health, injury rehabilitation and prevention

as well as annual medical evaluations. An informational website accompanies the programme,
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offering instruction for departments on how to set up their own WFI, including offeniealth tips,

the nutrition component of which, is very limited. The main feature of the WFI is the certification of

LISSNJ FAGYSaa GNIXAYSNB 6t C¢QavT K2 FNB FANBFAIKI

programmes for their colleagues, n@dzRA Y3 LINB GA&aA 2y 2F ydziNAGAZ2Y
individual annual progress via measuring aerobic capacity, muscular endurance, strength and body
composition assessment. A theme running throughout the WFI has been the collection and analysis
of clinical and health outcome data collected from ten jurisdictions which could be representative of
general US firefighter populations. Postetnal. (2013) evaluated the efficacy of the Wiyl

comparing health outcomes of 522 fire departments which had adbgey WFI components (WA
departments), and comparing them with 480 departments that were similar by call volume, size,
staff level and catchment area, but which had not adopted the key WFI components (standard
departments). The key components included: yanedical examinations; an assigned

health/fitness coordinator; PFTs; and allocated physical training time for-allignpersonnel.

Outcomes included BF%, BMI, WC -sstbrted physical activity level and blood pressure. Work
stress, selfeported depession scores and job satisfaction leswgere also assessed. Results found

WA firefighters to be of leaner body composition acrosshatle measurement indices, rendering

them significantly less likely to be classified obese. They were also signjfieastlikely to be
hypertensive, significantly less anxious, more physically active, significantly less likely to smoke,
reported better morale and job satisfaction. The crgsstional design of the study presents a
limitation, reducing its ability to siw temporality between health promotion programes and

health outcomes, as it is possible that WA departments comprise healthier firefighters because they
attract people who have a greater interest in health. This study did attempt to overcome this
limitation via proper use of selection criteria and appropriate statistical analyses which controlled for
confounders. It offers reasonable evidence of an association between fire service health promotion
and firefighter health & wellbeing. It was noted that ppestive clustercontrolled trials or quasi
experimental studies of health promotion programmes for firefighters are necessary to provide
stronger evidence for the advantages of wellbeing programmes. Future studiesrecommended

to also assess sleep gitgland dietary intake as being important health related outcomes for

firefighters (Postoret al., 2013).

The WFI published its fourth edition in 2018 (IAFF and IAFC, 2018). Once again, this focuses on
physical fitness, with less than one page dedicatedutrition advice, culminating the suggestion

of hiring a professional nutritionist to run nutrition interventions within fire departments.
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From 20@ to 2004, PHLME compared two intervention modalities (individual vs. tebased)

focusing on nutrition, physical activity and body weidfitie hundred and ninetginefirefighters

were randomised by station (cluster controlled) to a control group or one of two inteiome

groups. The intervention arms were: (a) a team oriented, peer led education syllabus or (b)

Individual counselling. Teams in group (a) were given lesson plans administered by a team elected
leader. These comprised elevend#inute scripted lessons wlhOK g SNBE Ay F2NXYSR o6& |
AYaiuNdzOiGAz2y 0221tS0Q2 6A0GK O2NNBALRYRAY3IA g2NJ] 022
curriculum content included energy balance, physical activity and nutrition. Firefighters in group (b)

were provided with facgo-face lifestyle counselling which was conducted by counsellors trained in
motivational interviewingrfi). Participants within both intervention arms received an accompanying

booklet comprising nutrition, physical activity and lifestyle related health infeionaOutcomes

included weight change, dietary behaviour, physical activity and overalbeieid.

Results after one yeahowedboth intervention arms to be successful in terms of significant weight

gain attenuation compared with the control groegdable and fruit intake also increased within

both intervention arms, as did wellbeing. A limitation of this study was the inability to directly

compare the two intervention modalities. This was partially due to differing content and format.

Duration ofmi counselling sessions was less than in team lessons. This occurrence was partially due

G2 GKA&A AYUGSNBSYy(GAz2y | NMidirafighieysdeieNiin®ditzNgnBer of | (i dzNB >
meetings, which further impairs our ability to make meaningful compass&inancial expense was

also an issue, with the expenserofcounsellors being relatively high. Conversely it was reported

that team study materials were inexpensive. The internal validity of this study may have been

compromised via BF% being measutaat, not reported as an outcome.

This study advocated use of peer led activities in alignment with previous programmes, and the
study showed the importance of team cohesion and the usefulness of group dynamics in the design
of a worksite health interventio for firefighters. Indeed, this study illustrated that group support for
healthy behaviours such as nutritional and physical activity improvement can change previous social
norms and create consensual commitment and accountability for adherence to hegitbving
behaviours. This is an important dynamic to harness in successfully overcoming cultural resistance to
behaviour change (Ranlgy al., 2011). Unfortunately, followap outcomes over subsequent years

were not as efficacious, indicated by the suctad#rst year effect dissipating over the following

four years (MacKinnoet al., 2010).Mackinnonet al. (2010) proposed thatiis could be due to the
cessation of further interventions being introducetter initial programme deliveryThis might

suggesthat in order to sustain desirable behaviour changes, periodic reinforcement of healthy
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messages and evolution of intervention components in order to combat the obesogenic

environment, could be effective strategies.

1.12.4. A lowglycaemic nutritional fitnessrpgram to reverse metabolic syndrome in professional

firefighters: Results of a pilot studZareyet al, 2011)

This programme aimed to improve risk factors for MetS over-avd2k intervention periodThe
intervention comprised physical activity exercise sessions and dietary education which were
delivered for twehours of each of the 12 weeks by a physical training instructor (PTI), a physician
and a nurse. The sessions were conducted at a firehoudevwrYork USA, using a sample of one
platoon (watch/team) of male firefighters who exhibited an above average prevalence of MetS at
baseline (70%). The sessions were conducted whilst the firefighters were on duty, with the
participants keeping daily physicactivity and dietary diaries. The dietary education component
promoted adherence to the lowglycaemic index (GI) diet which was based upon Mediterranean and
DASH dietary concepts. The & recommendations for the firefighters included the promotion of
eating in the following proportions: 50% fruit and vegetables, 30% protein and 20% starch. This
approach promoted minimising fats and free sugars, whilst increasing fibre and egrfagy acid
intake. The firefighters were supplied with food lists edirvgthem on the Gl of certain foods which
categorised carbohydrates in terms of low/medium/high GIl. They were also supplied with daily
multivitamin and omega supplements for the #@veeks. Additionally, a meal replacement strategy
was employed over the stly period which involved replacing breakfast with ad8Wshake and
replacing one of the two daily allowable snacks with a-®Wsnack bar. The platoon was educated
via verbal instruction and literature provision throughout thesdi@eks in terms of Gfpod labelling,
macro and micronutrients. Daily physical activity sessions delivered by the PTI included daily sessions
of mild-moderate intensity exercise lasting-80 minutes. The modes of exercise encompassed
yoga, resistance training and cardiovasceigercise. The study identified a greater prevalence of
MetSand its constituent risk factors in firefighters compared with the general population, although
it was acknowledged by the researchers that a small sample size taken from a geographical area
which has a greater prevalence of obesity than the rest of the USA, may have produced an
unrepresentative sample. The intervention resulted in a significant reduction in prevalence of MetS
from 70% to 30%, with the mean number of MetS risk factors decreagjngicantly from 3.2 to

1.9. A major limitation of this pilot study was the absence of a control group therefore it is
impossible to confirm the true impact of the intervention itself. Unfortunately, six months-post
intervention the beneficial results we beginning to fade, with the researchers suggesting that
maintenance of health improvements could be achieved by strategically incorporating the

intervention programmeroundannual compulsory physical assessments.
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It was noted that a strength of thewdy was the cluster design whereby a platoon of firefighters
was selected to receive the intervention. This enabled the researchers to harness the cohesive social
group effect, which was suggested as being a useful strategy for the successful outconteeof f

interventions.

1.12.5. Maryland Firefighter Food Intervention, Research and Evaluation (FFIRE) Study (Goheer,

2017)
Johns Hopkins Bloomberg School of Public Health in partnership with the NVFC conducted a study to

reduce firefighter risk factors for hearttacks. Study aims were to investigate barriers to, and
facilitators of firefighter health and wellbeing. This was followed by the implementation of a pilot
trial intervention informed by these findings. The intervention took the shape of nutritional

educdion sessions, healthy eating tool provision, ditthenbased cookery workshops

The study sample comprised115 firefighters from eight fire stationsao control, six

intervention). Three of the intervention stations had two or three firefighters trained as peer health
and nutrition advocates by the Johns Hopkins Weight Management Centre. Intervention stations
received monthly nutrition education and cooking sessi@rdls and nutrition books were

provided, and firefighter discounts on healthy foods at nearby restaurants were arranged. Education
on sourcing healthy foods locally was also provided. A weight loss competition was held between
intervention stations in aattempt to harness the competitive nature of firefighters. Objective
outcome data included BF%, WC, blood pressure, glucose, cholesterol and body weight. Dietary
assessment was administered via an online FFQ. Fire station food environment assessments were

also included.

Aside from weight loss at ther®@onth mark, preliminary results showed that control stations

exhibited equivocal or superior results across all other outcomes at six months ancanllow

up. This finding is consistent with Bankhesdl. (2003), that assessment alone can significantly

impact behaviour favourably. Plausible reasons for these poor results are an absence of personalised

consultation/support, a paucity of goal setting (structure) and a lack of physical activity component.

1.12.6. Weight loss advice and prospective weight change among overweight firefighters (Fuel 2

Fight) (Browret al., 2016)

Fuel 2 Fight was a prospective cohort study which tested the efficacy of standard health advice
administered by health professionals (phyais/nurses/other) to overweight and obese USA
firefighters. Data was collected from overweight/obese male firefighters who had received health
advice from a health care professional within the preceding year. Data was collected at baseline

(2011) and sixnonths later (2012), with follovap data collected fon=458. The results were
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modest, with participants losing an average of 0.55 kg in body weight and a significant mean
improvement in systolic blood pressure-875 mmHg. These improvements were howenet

associated with the healthcare advice, which is consistent with previous research suggesting there to
be little benefit from routine primary care loimtensity weight reduction advicgNoélet al., 2012)
LYRSSRX 2yfteé wmp: 2F (KS WwWCdzSt w CAIKGEQ &l YLI S
meaningful amount of $%, suggesting that more daigticated intervention programmes are

required for firefighters.

1.12.7. Eating habits of professional firefightdiBorreet al., 2019)

A small prospective study on a samplene®8 firefighters serving at an airport in Switzerland
attempted to improve dietary behaviour and body composition over a-year period. The dietary
and physical activity intervention comprised a émaur group education session, one hour of ene
to-one detary counselling from a dietician, and a cookery class. Aftetyeaethere were no
significant changes in dietary behaviour, anthropometry or body composition of the sample. The
authors considered no significant weight gain to be a potential succegsves, due to no control
group, it is impossible to know the true effect of the intervention. The authors suggested that the
observation by Jahnket al. (2012) whereby firefighters may be uniquely resistant to change due to
strongly rooted traditions intte fire station food environment, may have been responsible for a lack
of adherence to dietary intervention advice in this study. The study concluded that culturally
relevant, tailored interventions hold potential to establish a culture shift in the fadan food
environment. Other observations included the importance of a rHeltel approach in terms of
intrapersonal intervention, interpersonal intervention and organisational and environmental
intervention strategies. They emphasised that an individuel group approach appeared essential

and complementary.

1.12.8. A 28day carbohydrataestricted diet improves markers of cardiometabolic health and

performance in professional firefighters (Waldmetmal., 2019)

This intervention study investigated changeglimcose tolerance, fat oxidation, other markers of
metabolic health, and physical exercise performance (aerobic and muscular enduranegb i SA
firefighters. The intervention comprised a brief education sessiohow to restrict daily

carbohydrate indketo < 25% of total energy intak@ El) and a fourday per week bodybuilding
resistance exercise regime. Other macronutrients (fat and protein) were allowed to be consumed ad
libitum. At 28day post baselinghree 24hr recalls recorded thalkaily carbdydrate intake

decreased from 47% to 23% TEI whdksly protein intake increased fror@.9 to 1.3 ¢gkg*. Body
composition improved with body fat decreasibg 2.2% whilst lean mass remained stalfgstolic

BP decreasedy 6 mm Hg, however, there was nbange in glucose tolerancalthoughsignificant
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changes were observad substrate utilisation during exercise, with decreased carbohydrate
oxidation and increased fat oxidatioRerformance improvements were observed in terms of a 2.4
km run being perfamed 41 seconds faster, and a muscular endurance test improvement of +3 pull
ups.Whilst initial improvements appear promising, the study limitations may reduce the external
validity of the resultsThis includes potential confounding from the resistarreiing regime

protocol, a relatively low average age (33.5 y) and an undisclosed sampling strategy. Furthermore,
there was no control group, therefore the trggfects of theintervention cannot be confirmed.he
long-term effects of carbohydrate restriction on firefighter health and performance remain unknown

as this is the first study of its kind for firefighters, therefore further rese&ckquired.

1.12.9. The effects of a Mediterranean diet intervention on targetedsph@ metabolic biomarkers

among US firefighters: a clustemndomised trialSotosPrietoet al., 2020)

The sample for this studyas a subsebf participants(n=48)drawn from a larger USA fire station
based intervention studgn=400) the rationale and dgign of which is described in detail by Setos
Prietoet al.(2017).Briefly, the intervention comprised educational sessions and videos designed by
an accredited nutritionist, a leaflet and promotion of the Mediterranean diet and lifestyle, recipes
tailored for firefighters (via modification of firefighter preferred meals by a nutritionist and chef to
align with the principles of the Mediterranean diet), fire statibased cookery demonstraticemd

food samples, and discount coupons for healthy food iteetieemable at a supermarket chaifhe
objectiveof this study vas to identifychangesn plasmametabolic biomarkersrelated tothe
Mediterranean diet The mMDS (Yargg al., 2014) (see section 1.10.4) was the primary method used
for assessingdherence to the Mediterranean dieAfter six months, the mMDS did not change
significantly from baselind=ollowing Bonferroni correction for multiple testing, a modest decrease

in mediumVVLDL cholesterol esters for the control group was the only bioenavkich was

significantly different from baseline. The authors attributed the lack of detectable changes to
limitations ofthe study design which included a small sample size, possible selectipn bias
heterogeneity between the groups i.e. the control gposad a higher mMDS&coreat baseline.
Furthermore the control groupwere nota pure control group because they had received the same
intervention one year prior to the baseline of this studire study also investigated the cress
sectional linear assodian between mMDS and biomarkers, finding tleabneunit increase in

mMDS score was associated with more favourable biomarker values of lipid metabidlism.
researchers concluded that more powerful study designs with larger sample sizes are required. The

parent study from which this study subset was derived is yet to be published.
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1.13.The importance of harnessing team cohesion

Interventions aiming to improve health within the fire service need to acknowledge the importance
of team cohesion which is a clear cultural characteristic exhibited by this occupational group
therefore health interventions at fire stations could benefit from targgtthe whole firefighting

watch rather than just focusing on individugiganbyet al., 2011) Team cohesion is not only
important for the safe and effective resolution of emergency incid¢btsessen, 2002)t also

affects fire station life in terms of decisions adoehavioursindeed, ohesiveness manifests in
firefighting watches when expectations, rules and consensus are established in terms of routine
practiceg(Banes, 2014 Cohesiveness and group consenatstherefore important factoswhich

can either hamper or facilitate interventions designed to improve the health of firefigkBases
2014)

1.14 Summary
Frefighting is an occupation associated with a complex combination of exposures which increase the

risk of firefighters suffering from NCDs. These exposures are not confined to the fire grotiid, as
occupational group suffer fromlaigh prevalence of overweight and obesity, witie fire station
worksite havingbeen identified as obesogenic, thus potentially compounding an already increased
risk of NCDsA vital first step toward ameliorating firefighter body composition is to cately

assess individual levels of fat mass and skeletal muscle, however, to date the primary methods of
assessment have included BMI, BF% and WC, all of which present limitations which can lead to
widespread misclassification of firefighter adiposity s&tparticularly BMI. A vital step toward
ameliorating dietary behaviour is to be able to assietaryintake, therefore a validated dietary
assessment tool is required to capture the effect difa stationbaseddietaryintervention. A multr
componentworksite nutrition interventioncould help to ameliorate the obesogenic environment

along withimprovingfirefighter dietary and lifestyle behaviours.
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Chapter 2. General Methods

2.1.Research aim and objectives

Aim

To develomoveltools for theassessment of UK firefighter nutritional staiusd o develop
andtestthe feasibility and efficacy @& multkcomponentfire stationbasednutrition

intervention.

Objectives

1. Investigate the levels of misclassification generated by BMI using BF%, WNH#RdS
reference measures.

2. Develop firefightebody compositiorcentile charts to improve upon misclassification
produced by BMIoffering occupational health care professionals a simple referencettool
use forclassiication of UKirefighter phenotypes. Thisanin turn inform appropriate health
maintenance/improvement advice.

3. Crede andtestthe validty of a dietary assessment tool to enable simple, effective and
efficient screening of firefighter dietary behavicamd for usen a dietary intervention to
detect changes in dietary intakeBhis ould alsobe utilised by health care professionals to
inform appropriate administration of dietary advice.

4. Create andest the feasibility and efficacy effire station kitcherbased cokeryworkshop
to educate those responsible for food purchase and preparation on the importance of
nutrition and its relationship with health.

5. Develop implementand evaluateafire stationbased dietary and lifestyle intervention
involving group educatigrdietary assessmentbody compositioranalysis and individual
education. This will be geared toward an integrated system feasible for rollout across the

LFB.
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(4 Investigate firefighter misclassification generated by BMI
PHASE 1
497 male and 78 female firefighters across 28 fire stations
o /
(r Development of UK firefighter body composition centile
charts
PHASE 2
497 firefighters across 28 fire stations
- /
@ )
Creation and validation of a food frequency questionnaire
PHASE 3 for the dietary assessment of London firefighters
o /
(, Creation and implementation of a kitchen-based cookery
workshop for mess-managers
PHASE 4
17 mess-managers
- /
(, Development and implementation of a fire station dietary
and lifestyle intervention programme
PHASE 5 89 firefighters across 12 fire stations (7 intervention;
5 control)
- /

Figure 2.1. Ph.D. study phases

2.2.Ethical approval

The research was authorised by an Assistant Commissioner of t{apge®dix2.1) and the London
Metropolitan University School of Human Sciences Ethics Comn(@ippendix 2.2 The firefighters
had the studies explained to them in full, and those whosehto participate were provided with a
participant information sheefappendix 2.3and informed signed consent was obtained from each

participant @ppendix 24).

8

N



2.3.Participating fire stations

Stations were chosen for inclusion based upon their gguiycal location, ensuring an even
geographical distribution of urban and suburban stations to attain representativeness. Where
possible, the same personnel were involved in multiple studies, however due to differing sample
sizes within each study, variatiavas inevitable, therefore the methods section of each study

chapter provides demographic information for that particular study. Stations were also selected for
inclusion on a practical level depending on the availability of personnel during the study pee

to prior commitments such as scheduled skills training, fire inspections etc. Whenever possible,
stations were recruited when they had a vacant training day which the lead researcher identified via
liaising with the relevant LFB admin team, who evéiten able to allocate their training time to the
study. This ensured no interruptions from emergency callouts. If the relevant team (watch) did not
have an available training day during the study period, the lead researcher requested that the LFB
admin tam grant a short period of unavailability for emergency callouts for data collection
purposes. On the occasions that none of the aforementioned scenarios could be arranged, the
researcher liaised with the relevant watch commander directly to arrange aafiytconvenient

time for study participation and data collection. If the watch were catlatito an emergency

incident during the study engagement session, the researcher used his professional judgement to
decide whether to wait for the watch to returmtstation to resume the session, or whether to
reschedule the visit for the next convenient date. This process of booking watches for study

LI NOAOALN GA2Y YR RFEGF O2fftSOGA2Y o6& YIFERS Sl &aas
spent as a fultime firefighter, thereby providing detailed knowledge of the LFB and its systems of

work.

2.4.Logistics

LFB provided the lead researcher with an electric car for transportation of himself and all study
equipment to and from participating fire stationshi$ was stored at Hornchurch fire station
overnight. The community safety centre adjacent to Hornchurch fire station provided the lead
researcher with office space to complete various administrative tasks, with computer terminals,
access to the LFB intednatranet and communications systems and secure document and

equipment storage.

2.5. Anthropometric and bodycomposition measurements
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Measurements were taken by the researcher at fire stations. Height was measured using a portable
stadiometer to the neeest 0.1 cm (model: LeicesteMarsden HM250P) with firefighters standing

in bare feet. Correct measurement protocols were adhered to including attention given to the
participani® head alignment, ensuring it to be on the Frankfort horizontal plane timise intra

measurer reliability (Dabowt al., 2012).

Waist circumference (WC) was measutetite using stretchresistant anthropometric tape

(Myotape) to 0.1 cm at the midpoint between the lower margin of the least palpable rib and the top
of theiliac crest as recommended by WHOX2DIf the two measurements were different, a third
measurement was taken. The closest two results were then averaged to arrive at an accurate WC.

Waistto-height ratio (WHtR) was calculated using the standard equa®é@ (cm)/height (cm).
BMI was calculated using the standard equation: weight (kg)/heigtt (m)

Body weight, skeletal muscle mass and body fatness were measured via BIA utilising the Tanita MC
780MA segmental mulfrequency body composition analyser (TtarCorporation, Tokyo, Japan)

with a 1 kg correction applied for LFB uniform (light clothing). Participants were not fasting prior to
measurement. The measurement protocol began with the researcher entering participant data into
the compatible BIA softwarprogramme (GMON health monitqiversion 3.4.2), including date of

birth, ethnicity and height. The participant was then asked whether they had an empty bladder, as it
was explained that bladder fluid could alter the accuracy of the measurement duetesivmated
extracellular wate(Kyleet al., 2004) Once the participant was confident of their bladder being

empty, they were asked to empty their pockets astdnd on the analyser platform so that their bare
feet were covering all four foeglectrodes. The subject was then instructed to stand upright and still
to ensure an accurate weight measurement (to the nearesk@)1 Once this was obtained, they

were asked to grasp the hand electrodes and hold them slightly away from the sides of their body at
armslength. The bioimpedance measurement took approximat@iseconds per subject.

Measurements were taken at a similar time of day to minimise diurnal vaniatio

Segmental BIA generates measures of trunk and limb composition separately. This enabled the
measurement oaippendicular skeletal muscle magsSMM (kg) which was calculated by summing
the muscle mass of the four limbs for each participant. This wasuned because it is impossible to
accurately quantify total SMM, and3¥M acts as a good proxy for total SMM as all lean limb tissue
is either muscle or bone. Additionally33M makes up more than 75% of adult total body SMM
(Snyderet al,, 1975), and thesfore is the major fraction of total body SMM integral for physical

activities and ambulation and thus is likely to be the most modifiable fraction of total body SMM.
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Both SMM and FM were adjusted for participant height by dividing by height Timis comerted
ASMM to the SMM index (SMMI) and FM to the FM index (FMI).

The prediction equation algorithms in the M@BOMA are based upon bioimpedance, age, sex,

height and weight, and were calculated from calibration studies against Winalg DXA. The

standad error of the estimate for bodfat and musclenass was a +2% for both males and

females (manufacturer data). The recently developed (2015) BIA scales used for this study have been
validated against DXA in healthy young adults of varying demograptdgstgsical activity levsl

(PAL), and have been found to be strongly correlated with DXA for assessing FM and FFM regardless
of PALK(= 0.85,p<0.01;r = 0.98,p<0.01 respectively), and superior to previous BIA technology
(Verneyet al., 2015). The MZ80MA has been awarded the following accuracy grades: MDD: Class

2a; NAWI: Class 3.

To ensure god hygiene, all surfaces coming into contact with study participants were cleaned

between each participant by the researcher using mild detetgad water.

2.6.Dietary analyses

FFQ EPIC Tool for Analysis (FETA v2.53) sofivwallganet al., 2014)was utilised to process FFQs

to obtain participant nutrient profiles. Every row in part one of the FFQ is mapped to a potential six

food item codea which were used based upon UK population and government survey data (Bingham

etal, 1994; Gregorgtal> mMdpdpnT a! CCI mMppnOd® ¢KS O2RSa | NB fA
F22R O02YLRaAOGA2Y RIGFolF&aSs al/ | yOS (Sthéditiod A RR2 a2y
and supplemental volumegdVelchet al., 2005).Portion weights were sourced from weighed food

diaries of 4074 yearold study participants and UK population data (MAFF, 1993; Binghain

1994). FETA generates mean daily food group andemiintakes of participants following the

coding and input of FFQ data. Intake data for fourteen food groups anddixtyutrients were

produced for each participant, followed by importation to a spread sheet and finally importation to

statistical analsis software.

Nutritics dietary analysis software (Nutritics, 2019) was utilised to generate nutrient profiles for 24hr

recall dietary intake dataChapter50 ' YR (2 3ISYSNI GS NBOALIS ydziNASy
wSOALISaQ O@apters N\itritiosauged thedi2015 COFIDS including McCance and

Widdowson 7th edition, 2015 nutritional composition databasetritics databaséncludes food

photographs and suggested fooportions.

85



Chapter 3The alidity of BMI for classifying UK fiirghter adiposity steus

Overview

Prevalence of firefighter overweight and obesity has been estimated to affec3®&% of personnel
Previous research in firefighter populations outside of the UK has demonstrated BMI to generate
varying levels offalse positive and negative errors dependent upon demographic and geographic
factors as well which reference measwureadiposityis used.To date this has not been investigated

for UK firefightersAnthropometric and body composition data were collected497 male and 78
female LFB firefighter€ombined prevalence of male firefighter overweight and obesity
characterised by BMI was 80%, which contrasted widely with the other measures, BF% (63%), WC
(43%) and WHIR (59%). In comparison to a high ratdse feositives, BMI generated fewer false
negatives, thuslemonstratingbetter sensitivity than specificitBMI demonstrate poor validity for

classifying UK firefighters as overweight or obese.

3.1.Introduction

Obesity is a rapidly developing workplasgidemic, with obese employees taking an extra four sick
days off per year (Harvest al,, 2010), alongside being twice as likely to suffer {mrgn sickness
absence (LSA) (V\uijvenbodeet al., 2009).Prevalence of overweight and obesity in UK

firefighters may exceed that of the general population (Mwgtilal.,2012; Lessons and Bhakta,
2018).0Overweight and obese firefighters miss 2.7 to 5 times (depending on their level of
overweight/obesity) the number of worllays due to injury compared with heajthveight

colleagues (Postoet al., 2011). Obese firefighters are three times more likely to make a
compensation injury claim compared with healthy weight colleagues (Kieth| 2012). In terms of
occupational performance, obese firefighters tend to have significantly less musculagtstand
cardiorespiratory fitness (Postat al,, 2011; Donovaet el, 2009; Tsismenaket al., 2009; Clarlet

al., 2002). Furthermore, evidence indicates that overweight and obese firefighters have impaired
vascular function and are at an increased 0§ cardiovascular disease (Clatlal., 2002; Soteriades

et al., 2005fFahset al., 2009)which may compound the increased risk of acute myocardial infarction
(MI) caused by intense heat exposure experienced by firefighters (Hen&r 2017). It is therefore
imperative to accurately classify the adiposity status of firefighters. To date, body mass index (BMI)

has been the primary health risk classification system used to categorise firefighter weight status.
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classifying firefighter@Gallagheeet al.,, 2000;Choiet al., 2016; Jitnariret al., 2013). BMl is

intrinsicallyunable to differentiate between fafree mass (FFM) and fat mass (KEhoiet al.,

2016) This often results in misclassification of individuals resulting in false negative and false

positive errors, suggesting poor sensitivity and specificity of @dlagheret al., 2000;Choiet al.,

2016). This problem is exacerbated in populations possessing above average skeletal muscle such as
firefighters (Choet al., 2016). A study on a small sample of UK firefighters by Lessons and Bhakta

(2018) found BMI to classify 70% of the sample as overwabbse. However, when assessed by

body fat percentage (BF%) and waist circumference (WC), a reduced prevalence of 54% and 42%
respectively was observed, which was similar to the average English male: 54% (HSE, 2014). This
indicates a sample overestimatiofh combined overweight and obesity by BMI of at least 16%. Most
notably, overweight prevalence was far greater by BMI (54%) than by WC (18%). 28% of firefighters
FaaSaasSR a WKSIfGKeQ o0& 2/3X gSNB YAaOtlaaAaTisRr
indicating poor specificity of BMI. These findings are consistent with a previous UK firefighter study

by Muniret al.(2012), and USA firefighter adiposity studies by Jitretrial. (2013; 2014) and Chet

al. (2016), all of which identified concerningsgdarities between BMI and other adiposity measures.

Although high rates of misclassification caused by BMI have been identified in these previous

firefighter adiposity studies, the sensitivity and specificity of the BMI categories varied between
studies.Furthermore, there remains a paucity of research characterising the misclassification of

firefighter adiposity within UK firefighters, and to date, the adiposity status of female firefighters

serving in the UK has not been studied.

WC as a cardimetabolic risk screening tool is more valid than BMI although it is not infallible and
can also be prone to misclassification of individuals. This is partially due to the arbitrary #igkscut
which are universally applied to demographiegardless of their height, therefore possibly over
and underestimating health risks for taller and shorter people respect{Bztywning, Hsieh and
Ashwell, 201Q)Waist to height ratio (WHtRgduces this misclassification via application of
personalised cubffs dependant on height, with cardimetabolic risk increasing above a ratio of 0.5
(Ashwell, 2011)Previoudirefighter studies compared BMI with two commonly used adiposity

indices (W@nd BF%). To date none have compared BMI with waikeight ratio (WHtR).

The objectives of this study were to quantify the prevalence of overweight and obesity and to assess
the levels of misclassification generated by BMI relative to three diffdnelites of adiposity/health
risk within a large sample of firefighters serving a major UK metropolitan city. Furthermore, the

validity of WC for assessing the abdominal adiposity status of firefighters was investigated.
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3.2.Methods

Participants

The study population comprised 497 ftithe London Fire Brigade (LFB) white male and 73irod

white female firefighters. All of the males and 32 of the females were recruited for the study from 28
Greater London fire stations (sd@able4.1 of Chapter 4) on their day shifts from June 2019 to March
2020 during scheduled fire station engagements. Stations were chosen for inclusion based upon
their geographical location, ensuring an even distribution of urban and suburban stations. The
remairing 46 female firefighters were recruited for the study by staff enfdig firefighters had the
study explained to them in full, and those who chose to participate were provided with a participant
information sheet and informed signed consent was obtaiftech each participantethical

approval:seeChapter 2) Figure3.1 shows the participant flow through the study.

(n=631)

[ Firefighters screened ]

Ineligible:
Non-shift workers(n=10)
Nonwhite ethnicity (n=35)*

[ Eligible firefighterg(n=586)

J

I

Non-participation (n=11) ]

\

[ Final data se(n=575) ]

Anthropometry & body
composition analysisrn=575)

Figure3.1. Participant flow through the studsall ethnicities were measured but natcluded in this
data set due to inherent bodgomposition heterogeneity
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Anthropometric and adiposity measurements

Measurements were taken at fire stations for the majority of participants, and at LFB Headquarters
for the remaining 46emalefirefighters. Height, weightBMI,BF%, WC and WHtR were
measured/calculatedVleasurement protocoland calculationsire described itthapter 2 Table3.1
displays the underweight, overweight and obesity-oifs for each of the indices used in this study.
Participans were categorised by BMI, BF%, WC and WHtR using analogous weight/adiposity/health
risk cutoffs to quantify prevalence of overweight and obesity, and to determine levels of agreement

between BMI and the other measures.

Table3.1: BMI, BF%, WC and WHtR health risk classifications used for the study population.

Adiposity measure Underweight Healthy Overweight/  Obesity
Overfat

BMI <185 18.5¢24.9 25¢29.9 X on
Males 20- 39years <8 8¢20 20.1¢ 25 > 25
Males 40- 59 years <11 11¢22 22.1¢ 28 > 28

BF% Males 60- 79 years <13 13¢ 25 25.1¢ 30 > 30
Females 2039 years <21 21¢ 33 33.1¢ 39 > 39
Females 4059 years <23 23¢ 34 34.1¢ 40 > 40

WC (cm) Males A4 94.1¢ 102 >102
Females HB0 80.1¢ 88 >88

WHtR <05 0.5¢0.59 X 0 dc

Abbreviations: BMI body mass index, BF% body fat percentage, WC waist circumference (cm), WHtR waist
heightratio. BMI and WC ranges derived frakftHO (200Q)BF% ranges derived froBellagheset al (2000)
WHTtR ranges derived fromshwell(2011)

Statistical analyses

Data was imported to IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, N.Y., USA).
Data was checked for normality. Descriptive statistics were computed for sex, ethnicity, age, and
years of service. anthropometric and adiposity measures \assggned as continuous variables.
Normally distributed data was reported as mean standard deviation (SD). Namormally

distributed data was reported as median#iterquartile range (IQR). BMI, BF%, WC and WHtR were

categorised and reported as(%).The sample was stratified by sex prior to statistical analyses.
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associatios between normally distributed continuous variables. BMI classifications were compared
with adiposity classifications of the other three measures. The agreement percentage was defined
by the proportion of firefighters being in the analogous BMI and cowrdmg adiposity category
So3d W2PSNBSAIKG o6& 020K .alL yR 21 GwQd YI LILI
agreement between BMI and adiposity categories (three by three tables). The sensitivity and
specificity statistics of obesity by BMI werdatdated against BF%, WC and WHItR categories. The

same wasindertakenfor the overweight category only among firefighters with weight/adiposity

A0 (dasSa X 20SNBSAIKGID® ¢KAE SylofSR Oaglaradsyd

2013; Choet al., 2016). Stacked bar charts were generated to illustrate prevalence of overweight

Ay

a

e
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respectively. A histogram was generated to investigate the distributionadé firefighters
possessing both a healthy WC and overfat WHtR, followed by undertaking an independent samples
T-test to investigate a difference in stature between those males and the rest of the male firefighter

sample.P< 0.05 was used to detect stdtsal significance.

3.3.Results

Table3.2 displays study population characteristicg16f fulltime malefirefighters from 28 LFB fire
stations and 78 fulktime female firefighters frond2 LFB fire stations, showing the greatest

proportion of partici@nts to be white males aged 30 to 49Tyie mean(SD)agewas40.8 (8.6) y for

the male firefighters and 38.1 (7.7) for the female firefighters. Not only were the male firefighters
older, they had also served for longeiith a mean (SD) service periodlef.6 (8.3) y versu3.9 (8.3)

y. Table 33 displays anthropometric and adiposity characteristics of the study population, with
correlation coefficients between each characteristic. As expected, the five measures of
weight/adiposity status were strongly aetated, with body weight being more strongly correlated

with body fat in the women, and body fat more strongly correlated with waist measurements in the
men. Age was positively correlated with the four measures of weight status/adiposity in the men but

not in the women.
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Table3.2. Demographic characteristics of the study population 675)

Malesn=497 (86.4%) Femalem=78 (13.6%)

n (%) n (%)
20-29 59 (11.9) 11 (14.1)
Agegroup (y) 30-39 175 (35.2) 38 (48.7)
40-49 181 (36.4) 22(28.2)

50-62 82 (16.5) 7 (9.0)

Table 33. Anthropometric and adiposity characteristics stratified by sex, with correlations between
each characteristic.

Sex Mean (SD) BMI BF% WC WHIR Weight  Height
Males (= 497)

BMI (kg/nm?)? 27.7(4.2)

BF% 22.1 (5.4) 0.84**

WC (cm} 92 (12.8) 0.86** 0.90**

WHIR (WC/Height)  0.52 (0.06) 0.85**  0.90**  0.94**
Body weight (kg) 90.3(13.5) 0.85*  0.75**  0.82**  0.70**

Height (cm) 179.5 (6.5)  0.04 0.04 0.21*  -0.13*  0.51**
Age (y) 40.8(8.6)  0.26**  0.33**  0.37**  0.42*  0.16**  -0.15*
Femalest =78)

BMI (kg/m?)? 24.3 (4.5)

BF% 27.2(6.1)  0.77**

WC (cmi 77 (11.5) 0.78**  0.77**

WHIR (WC/Height)  0.47 (0.05)  0.84** 0.74** 0.93**

Body weight (kg) 70.4 (10.4) 0.85* 0.83** 0.85** 0.78**

Height (cm) 167.5(5.5) -0.15 0.12 0.14 -0.20 0.29*

Age (y) 38.1(7.7) 0.14 0.09 0.10 0.09 0.03 -0.10
3Mediant YR AYGSNIJdzZ- NITAES NIy3ISs {LISIENXVIYyQa O2NNBflIGAZ2Yy D
circumference, WHtR: Waisb-height ratio, BF: Body fat p¥ 0.05; *p < 0.01

Overweight and obesity prevalence

Table3 .4 displays the proportional distribution of the study population across BMI, BF%, WC and
WHIR risk categories, highlighting disparities in prevalence of overweight and obesity between each
measure. The combined prevalence of overweight and obesity byHE##, WC and WHIR for males
was 80.4%, 62.6%, 43.1% and 59.1% respectDebrweight prevalence showed greater variation
betweenmeasures compared with obesity prevalentaefemalefirefighters displayed consistently
lower combined prevalence than theaiesacross all four measures: 42.9%, 18%, 36.4% and 27.3%
NBALISOGAPSted mp YIESa 6020 FYR v FSYIFES& OHDc:U
kgm0 @ | y2GKSNJ o YIfSad ondc>0 gSNB FANILIKSNI Of I aaA
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Tabk 3.4. Prevalence of overweight and obesity within the study population, classified by BMI, BF%,
WC and WHtR.

Males f = 497) Femalesif= 78)
BMI& n % n %
Underweight 0.0 0.0 0.0 0.0
Healthy 97 19.5 44 57.1
Overweight 289 58.1 25 32.5
Obese 111 22.3 8 10.4
BF%
Underfat 3 0.6 12 154
Healthy 183 36.8 52 66.7
Overfat 216 43.5 12 15.4
Obese 95 19.1 2 2.6
WCP
Healthy 282 56.9 49 63.6
Overfat 137 27.6 16 20.8
Obese 77 15.5 12 15.6
WHtRP
Healthy 203 40.9 56 72.7
Overfat 254 51.2 19 24.7
Obese 39 7.9 2 2.6

an =77 females due to missing dabn= 496 (malesh = 77 (females) due to missing data. Abbreviations:
BMI: Body mass index, WC: Waist circumference, WHtR: Yddistight ratio, BF: Body fat

Comparisons with the UK general population

Whilst the median BMI of males in this sample (27.7 Kyiwas similato the adult male general
population of England (27.6 kgfn BMI characterised 80.4% of the males in this study as
overweight or obese which is greater than the prevalence of 67% of adult males in Erdganfith (
Survey for EnglandHSE] 2017). Conversely, the median WC of the males in this sample was 5.8cm
lower than adult males in England, and combined prevaleficxerweight and obesitgs

characterised by WC in this male sample was 43.1% as opposed to the greater prevalencefof 59% o
males in EnglandHSE 2017) The median BMI of white adult femdieefightersin this study (24.3
kg/m?) is lower than the adult female general population of England (27.8%génd prevalence of
overweight and obesity of white female firefighterstins study was 42.9%, which is lower than the
prevalence of 62% démaleadults in EnglandHSE 2017). The median WC for females in this
sample was 12.4 cm lower than adult females in England, with prevalence characterised by WC in
this female populatia (36.4%) being almost half the level observed in adult females in England
(7199 (HSE 2017).
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Agreement of BMI classification with BF%, WC and WHtR

Figure3.2 is ahypotheticalexample illustrating perfecgreementbetween BMI and WHtRithin

each risk categoryThe purpose of this example is to highlight the widespread poor agreement
between BMI and the other three measures of adiposity displayétgares3.3, 3.4 and3.5, which
illustrate theactualvarying levels of misclassifiaati within each BMI category using BF%, WC and
WHIR as reference measurdshis method of displaying misclassification within each BMI category
was also used by Ashwell and Gibson (2018ple3.5 displays thdotal level of agreement between
BMI classifiation and BF% classification, showing the sensitivity and specificity of the obesity,
overweight and underweight BMI categori§sable3.6 displays theotal level of agreement

between BMI classification and classification by waist indices, showing tk#igignand specificity

of the obesity and overweight BMI categoridsis method of displaying agreement, sensitivity and

specificity was also used by Clabil. (2016) in the most comparable firefighter adiposity study.

Male Firefighters Female Firefighters

60
WHtR
Category
W Healthy

Overfat
M Obese

a0

40

Percent

0 100%
20
100%
) “
o—
Healthy Overweight Obese Healthy Overweight Obese
BMI Category BMI Category

Figure3.2. Hypotheticalexampledisplayingl00%agreement between BMI and WHt#thin each BMI

category Bar charts showing prevalence of overweight and obesity within the study sample as categorised by
BMI (the bars), stratified by sex, highlighting percentagesistlassification found within each BMI category
(coloured sections within each bar) using the analogous categories oftwdisightratio (WHtR).
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Male Firefighters Female Firefighters

Body fat %
category
B Underfat
W Healthy
" Overfat
M Obese
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Healthy Overweight Obese Healthy Overweight Obese
BMI Category BMI Category

Figure3.3. Stacked bar charts showing prevalence of overweight and obesity within the stugyle as
categorised by BMI (the bars), stratified by sex, highlighting percentages of misclassification found within each
BMI category (coloured sections within each bar) using the analogous categories of body fat percentage.

Male Firefighters Female Firefighters

wc
Category
I Healthy
" Overfat
M Obese

Percent

Healthy Overweight Obese Healthy Overweight Obese
BMI Category BMI Category

Figure 34. Stackedar charts showing prevalence of overweight and obesity within the study sample as
categorised by BMI (the bars), stratified by sex, highlighting percentages of misclassification found within each
BMI category (coloured sections within each bar) usingateogous categories of waist circumference (WC).
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Male Firefighters Female Firefighters

60
WHtR
Category
50 I Healthy
QOverfat
- a0 M Obese
c
o
o
1)
g 100%
2 61.1%
61.3%
10
718%
351 222%
0
Healthy Overweight Obese Healthy Overweight Obese

BMI Category BMI Category

Figure3.5. Stacked bar charts showing prevalence of overweight and obesity within the study sample as
categorised by BMI (the bars), stratified by sex, highlighting percentagesdassification found within each
BMI category (coloured sections within each bar) using the analogous categories atfoAlzaghtratio
(WHtR).

Table3.5. Comparison of the adiposity classification between BMIs and body fat percentages (BF%)
in 497male and 78 female firefighters.

MALES n=497 BF% BF% BF% BF% Total

Underfat | Healthy | Overfat | Obesity Agreement = 64.4 %
BMI underweight | 0 0 0 0 0 Obesity sensitivity = .76 (72/95)
BMI healthy 3 82 12 0 97 Obesity specificity = .9363/402)
BMI overweight | O 100 166 23 289 Overweight sensitivity =93 (166/178)
BMI obesity 0 1 38 72 111 Overweight specificity = .46 (85/185)
Total 3 183 216 95 497 Underweight sensitivity = 0 (0/3)
FEMALES n=78 | BF% BF% BF% BF% Total

Underfat | Healthy | Overfat | Obesity Agreement = 53.8 %
BMI underweight | O 0 0 0 0 Obesity sensitivity = 1 (2/2)
BMI healthy 11 33 0 0 44 Obesity specificity = .91 (69/76)
BMI overweight | 1 17 7 0 25 Overweight sensitivity = 1 (7/7)
BMI obesity 0 2 5 2 9 Overweight specificity = .71 (44/62)
Total 12 52 12 2 78 Underweight sensitivity = 0 (0/12)

a0verweight sensitivity and specificity calculated using overwelgtglthyand underweight subjects only.

Simplified worked example (focusing on mftefighters):

InTable 3.5, the male BMI obesity row shows that 72 out of 111 (65%) males who were classified as
obese by BMI were also classified as obese by BF%, therefore BMI misclassified 35% of male
firefighters as obeseBMI is therefore not a good way of classifying the obesity status of male

firefighters This problem is further exacerbated within the overweight category, how&2eout of

hT Ooyp:r0 YIESa K2 KIFIR | KSFHftGKe .alL lftaz2 KIFIR |
category demonstrated a fairly low rate of misclassification.
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Table3.6. Comparison of the adiposity classification between BMIs and waist circumferences (WC),

and between BMIs and waisth-height ratios (WHtR) in 496 male and 77 female firefighters.

[A] MALES n=49¢ WC wcC wcC Total

Healthy Overfat Obesity Agreement = 52.4 % (Kappa .31)
BMI healthy 96 1 0 97 Obesity sensitivity = .86 (66/77)
BMI overweight | 179 98 11 288 Obesity specificity = .89 (374/419)
BMI obesity 7 38 66 111 Overweight sensitivity = .99 (98/99)
Total 282 137 77 496 Overweight specificity = .35 (96/275)
[B] MALES n=49¢ WHtR WHtR WHIR Total

Healthy Overfat Obesity Agreement = 60.9 % (Kappa .35)
BMI healthy 87 10 0 97 Obesity sensitivity = 1 (39/39)
BMI overweight | 112 176 0 288 Obesity specificity = .8885/457)
BMI obesity 4 68 39 111 Overweight sensitivity = .95 (176/186
Total 203 254 39 496 Overweight specificity = .44 (87/199)
[ FEMALES | WC wcC wC Total
n=77 Healthy Overfat Obesity Agreement = 75.3 % (Kappa .56)
BMI healthy 40 3 0 43 Obesity sensitivity = .58 (7/12)
BMI overweight | 9 11 5 25 Obesity specificity = .97 (63/65)
BMI obesity 0 2 7 9 Overweight sensitivity = .79 (11/14)
Total 49 16 12 77 Overweight specificity = .82 (40/49)
[O] FEMALES WHtR WHtR WHIR Total
n=77 Healthy Overfat obesity Agreement = 74 % (Kappa .49)
BMI healthy 43 0 0 43 Obesity sensitivity = 1 (2/2)
BMI overweight | 13 12 0 25 Obesity specificity = .91 (68/75)
BMI obesity 0 7 2 9 Overweight sensitivity = 1 (12/12)
Total 56 19 2 77 Overweight specificity = .77 (43/56)

a0verweight sensitivity and specificity calculated using overweighthaadthy subjects only.
All kappas were significanp € 0.01)

Simplified worked example (focusing oralefirefighters):

In Table 3.6 section [A], the male BMI obesity row shows that 66 out of 111 (60%) males who were
classified as obese by BMI were also classified as obese by WC, therefore BMI misclassified 40% of
male firefighters as obese. BMI is therefore not a good way of classifying the central obesity status of

male firefighters. This problem is further exacerbated within the overweight category, hov@éver,
out of 97 09%) males who had a healthy BMI also had a healfyIn this context, the BMI
WKSIfdKeQ OI S 3ayii rate & Mdcassificstioni SR |

BMI vs BF%

Table3.5 showsghat the agreement percentage betweehe BMI and the BF% categories was 64.4%

for male fightersand 53.8%or the female firefighters. The specificity of the obesity BMI

classification was high and very similar for both sexes at 0.90 and 0.91 respectively, however, Figure

3.3 shows that 35.1% of the male firefighters and 77.8%effemale firefighters classified as obese

by BM| were simultaneously classified as nolbese by BF¥false positive errofs Of those
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males and 1.0 for the females, although only two females presentedBH#En the obese range.
The overweight BMI category showed good sensitivity for males (0.88)afett for females (1.0),
but poorer specificity for males (0.46) than for females (0i:£154% of the males and 29% of the
females classed as healthy by BF% were misclassified as overweight by BMI (false positives).
However,Hgure 3.3 shows that 34.66 of the males and 72% of the females who were classed as
overweight by BMI, fell within their healthy BF% range. The underweight BMI category

demonstrated no sensitivity for either sex.

BMI vs WC

Section [C] oTable 3.6 displaybetter overallagreementbetween BMI and Wr the females

75.3 % (Kappa 0.56), compared wstcttion [A]the male3: 52.4 % (Kappa 0.31). For the male
firefighters,section [AJof Table 3.6 displays high sensitivity (0.86) and high specificity (0.89) of BMI
for classifying obsity (usingWCas the reference However when focusingexclusiely on males

who were classifiedsobese by BM(the third bar ofFigure 34), it canbe seen that 40.5% of males
classified as obese by BMI were roimese by WC (false positiveBhrthe overweight BMI category,
section [A] ofTable 3.6 displaysverweight sensitivity (0.99nd specificity (0.35),&.1% of male
firefighters who wereoverweightby WC were misclassified as healthy by BMI (false negatives),
whilst 65% of male firefighrs who were healthy by WC were misclassified as overweight by BMI
(false positives). For the femalesgction [C] offable 3.6 displays a Ls@naitivityfor classifying
obesity(0.58)to be poorer thanits specificity (0.97). aL Q& & Sy a Kyingfémaiee F2NJ Of I &

firefighters asoverweight(0.79)was similar to itspecificity (0.82).

BMI vs WHtR

Section [D] offable 3.6 displaybetter overallagreement between BMI and WHI& the females
74% (Kappa 0.49pmpared withsection [B)the male3: 60.9% (Kappa 0.35). For the male
firefighters,section [B] ofTable 3.6 displaysperfectsensitivity (1.0) and high specificity (0.84) of BMI
for classifying obesityu6ingWHtRas the referene). However, when focusingxclusiely on males
who were classified as obese by BMI (the third bar of FigureiBcanbe seen that 64.9% of males
classified as obese by BMI were raimese by VtR(false positives)-or the overweight BMI
category, section [B] ofable 3.6 displaysverweight sensitivity (0.8) andspecificity (044). In other
words,5% of male firefighters who wem@verweightby WC were misclassified as healthy by BMI
(false negatives), whil&i6% of male firefighters who were healthy by WC were misclassified as
overweidht by BMI (false positivedyor the female firefighterésection [D] ofTable 3.§ BMIshowed

perfect sensitivityfor classifying overweight and obesitys{ng WHtR as the referenc@8MI also
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demonstrated higtspecificity (0.91) foclassifyindemalefirefighter obesity Howeverwhen
focusingexclusiely on females who were classified as obese by BMI (the sixth bar of Figuiie 3.5),
can be seetthat 77.8% 1=7) of the females classified as obese by BMI wereobeseby WHtR

(false positives)A similar situation occurs with female overweight specificity (0(&gtion [D] of

Table 3.6)whereby, when focusingxclusiely on females who were classified as overweight by BMI
(the fifth bar of Figure 3.5)t can be seemhat 52% (=13) of the fenaleswho wereclassified as

overweight by BMWere classifiechealthy by WHtR (false positives).

WC vs WHtR

For female firefightersftC waghe only reference measure taighlightfalse negatives within the
overweight and obesitBMI categoriesHowever this misclassificationould becaused by WC
Indeed, when using BF% or WHtR as the reference, BMI demonstrated perfect sensitivity for
classifying female firefighter overweight and obesity. The false negatives highlighted by WC may
therefore be aproduct of the female firefighters in this study being 5.6 cm taller than the average
English adult femaleHSE 2016). The same occurred for male firefighters in this stwthp were 3.9
cm taller than the average English maiSE 2016) wherebythe 86%sensitivity of BMI for

classifying male obesity (usiigCas the reference, as displayed in section [Alaifle 3.6)

improved to 100% sensitivity when usiHIR as the referend@s displayed in section [B] Tdble
3.6). Conversely, for a subset 0£83 shorter male firefighterpossessing healthy WC&HtR
classifiedhem as‘@verweighQUpon further investigation they were indeed found toH& cm
shorter than the rest of the male firefightefp < 0.01) Figure 3.6 shows that the majority of this
ddzoasSit ¢SNBE Oft2asS (2 ©KS ¢n OY W2@SNBSAIKIEQ
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3.4.Discussion

For this study, the BMI, BF%, WC and W07 male and 78 female fdlme London firefighters

was measured/calculated. BMI overestimated the prevalence of combined overweight and obesity
for male and female firefighters by a minimum of 17.8% and 6.5% respectively compared with BF%,
WCandWHR.. aL RSY2yaiNI(iSR @OSNEB LR22N) aLISOATFTAOAGE
status against BF%, WC and WHtR, indicating BMI to generate a high rate of false pd&itie¢so
indicated possible differential misclassification of taller and srdirefighters due to universal cut

off points.This is the first study to investigate the adiposity of UK female firefighters, and the first to

investigate the misclassification of UK firefighter adiposity status.

Representativeness of the study popudat

Four hundred and ninetgevenmale firefighters participated in this study with a mean age of 40.8 y,

which is almost identical to the mean age of 41 y across the English fire services (Home Office, 2019).

The median BMI of 27.7 in this study sample is also very close to the BMlafdhage LFB
firefighter (27.6 measured in 201&tatistic provided by the LFB occupational health service). The
slightly greater BMI in this study may be a reflection of the fact that LFB firefighter BMIs are
increasing over time (displayedfigure4.1 of Chapter 4), as the statistics provided by the LFB
occupational health service were from 2018. These similarities in age and BMI, coupled with the

even spread of urban and suburban fire stations from which the study population were derived,

T2

strengthensi KS SEGSNY It GIfARAGE 2F (KAA &i0dzRR&Qad FTAYRA

With only 6.4% of firefighters in England being female (Home Office, 2019), the sampling strategy to
obtain 78 white female firefighters required targeted emaitruitment for the majority of the
participating females. As such, this may have attracted a subsample of females (46 out of 78) who
may not be representative, therefore results for this demographic should be interpreted with

caution. Firefighters from éhicities other than white Caucasian were not included in this study due
to inherent body composition differencéBosyWestphal and Mdller, 2015As this demographic
accounts for 4.3% of the English fire service (Home Office, 2019), investigatikgAsian and

minority ethnicgroupsindividuallyremains unfeasible.

Prevalence of overweight and obesity

The only previougnglisHirefighter BMIstudy to date (Muniet al., 2012)eported lower combined

prevalence of overweight and obesity of males by BMI (66%) compared with the males in this study
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(80.4%). The overweight prevalence of the males in this study (58.1%) was greatiertti@mstudy

by Muniret al. (2012)(53%) although the greatest difference was found when comparing obesity
prevalence (22.3% in this study vs 13%). It should be noted that the previous study is nine years
older, therefore the established phenomenon of firefighter BiMireasing over timé¢lde, 2000;
Soteriadest al,, 2005; Smittet al., 2020)is likely to have contributed to this difference seen

between UK studieszurthermore, the mean age (SD) was 37.6 (8.5) y, whi&R iyounger than

the males in his sampleMunir et al. (2012) suggested that due to lower levels of Bd$ed

overweight and obesity compared with previous USA firefighter studie88%3 (Soteriadest al.,

2008; Tsismenaket al, 2009; Donovaet el, 2009; Postoret al,, 2011), that UK firefighters may not
suffer from the same fitness and health issues as USA firefighters. The 80.4% prevalence in this study
is identical to the combined prevalence seen in the most recent and comparable study of Californian
USA male firefihters (Choét al., 2016). Both studies also share similar distributions of overweight

and obesity. Although thaveragemale BMI was also identical for both studies (27.7 Ky/tie

mean BF% of males in this study (22.1%) was greater than the mearf Bie2tale Californian
firefighters (18.8%), and male Virginian (USA) firefighters (23#tithet al,, 2020) This was

reflected by greater combined prevalence of overweight and obesity characterised/bjnBFis

study (62.6%) compared with the Californian study (55.6%). This disparity would have been greater if
homogenous cubffs were used for defining overfat and obesity, as this study utiliseerelgeed

cut-offs recommended bgallagheket al. (2000)as opposed to the cuffs used by Chait al.

(2016) which were not agadjusted. Distribution between overfat and obesity categories defined by
BF% was again similar between this study and the Californian study. The ojgeositeed when
comparing combined prevalence using WC, whereby the mean WC of males in this study (92cm) was
lower than the Californian firefighters (95.4cm) and the Virginian firefighters (95.5cm) which was
reflected in the combined prevalence of 43.1#igtstudy) and 48.7% (Californian study). Half of the
overweight/obese Californian firefighters were classified as obese by WC, which is a greater
proportion than found in this study (36%). This suggests that whilst the UK firefighters may carry a
greaterproportion of body fat, the USA firefighters may have a greater propensity to accumulate

body fat centrally.

There remains a paucity of comprehensive overweight prevalence data for female firefighters. Of
the obesity studies found, female firefighters in€pec CanadéGendronet al,, 2018) Colorado
USA(Liet al, 2017)and Virginia USfSmithet al,, 2020)reported a similar rate of obesity by BMI
(12%, 11% and 10% respectively) compared with this study (10.4%), however, obesity prevalence
characterised by WC was lower in the Colorado study (5%) comparethisistudy (15.6%),

although the Virginia study reported greater prevalence of female firefighter obesity by WC (20%)
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compared with this study. The Colorado female firefighters had a 5% lower mean BF% than the
females in this study, however it should beted that due to firefighting being a male dominated
profession, all four studies suffered from small female sample sizes7& (UK)n=76 (Colorado),
n=69 (Virginia) and=41 (Québec). More female firefighter adiposity status researtteigfore

required.

.,alQa aSyaAiiaAgraie FyR FrfasS ySaldArgsSa

The sensitivity of BMbased obesity against BF%, WC and WHIR of males in this study ranged from
0.76 to 1.0 which is better than that seen in USA Californian male firefighters: 0.65 to 0.78t(Choi
al., 2016)Upon observinghe descriptive characteristics of the USA study, tiean height and SD
of the males was almost identical the males of the present stud¥his indicatsthat the USA false
negative obese firefighters might possess loweletied muscle mas€SMM)compared with the
obese firefighters in this study, however this cannot be confirmegMMwas notdirectlyreported

in the USA studyThe sensitivity of the overweight BMI category was similar between the two
studies (this study0.88- 0.99 vs Californian study: 0.90.97).The first bars oFigures3.3and3.5
show that BF% and WHtR identify a similar false negative error rate of overweight male firefighters
generated by BMI, and no female false negatives. The contrastingedified misclassification
caused by WC in this study within the males and females may suggest it to be an inappropriate
adiposity risk classification measure for UK firefighters. This further reinforces the use of WHtR
instead of WC for assessing firefighlbdominal adiposity, which is consistent with a systematic
review byBrowning, Hsieh and Ashwell (201@)ich suggested WHtR to be a raaseful clinical
screening tool than W@ue to personalised ctaffs which are height dependenthus reducing risk
of misclassifying individuals who are shorter/taller in statdree use of WHtR further supported

by a recent systematic review andsiresponse metaanalysis finding that male and female-all
cause mortality increasksharply and linearly after the cuatff point of 0.50(Jayedet al., 2020).
Furthermore, a large crossectional study ofi=1462 middle age@anadiarfirefighters

demonstrated that, compared witbther measures of weight/adiposi@BMI, WC and WHRWHtR
had the strongest inverse association wityperemic velocity time integrgh microvascular function
whichwas predictive of future cardiovascular exgin the cohort) (Martinet al., 2013) with the
authors suggesting WHtR to be the index most strongly correlated with CVD. ieliaairf2013)
emphasised the important value of WHtR in termseémingly universally applicable enifs with

no apparentethnic differences (Martiret al., 2013).

Whilst WHtR providea convenient andtrong indication ohealthrisks (Browning, Hsieh and

Ashwell, 2010Martin et al., 2013;Jayedet al., 2020, it is unable to detect excess peripheral
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subcutaneous adiposity. Excess adipose tissue (regardless of anatomical location) increases body
weight, which could of course impair firefighting performance. Whilst accurately classifying
cardiometabolic healthisk is essential, it is also important to obtain a more comprehensive picture
of body composition as part of assessing firefighter occupational fitness and risk of musculoskeletal
injury. WHtR should therefore not exclusively be relied upon for deteafdinefighter adiposity

status. Even though BF% provides a more comprehensive assessment of adiposity, it suffers from
limitations which are described in detail@hapter 1. Briefly, as BF% is confounded by FFM it cannot
be relied upon to accurately meae FM. A heighadjusted absolute measure of adiposity which is

not confounded by FFM is therefore required for this occupational group.

The potentially adverse health implications of false negative errors are clearly of concern, as >10% of
firefightersmay be incorrectly advised by health professionals who rely upon BMI for classifying risk.
This could lead to a false sense of security without sufficient incentive for lifestyle modification,
whichmaynot only lead to endangering themselves, but alsaitieelleagues and the public whom

they serve.

.alQa 3alLSOAFTAOAGRE YR FTFHfaS LRaAlGAGSa

The specificity of BMbased obesity against BF%, WC and WHtR of males in this study ranged from

0.84 to 0.90 which is similar to that seen in USA Californian male fiexfsgl0.86- 0.91 (Choet al.,

HAMCO® | 26SOSNE 6KSY F20dzaAAy 3 LIzNBhe 8 batsyof G KA a ado
Figures 3.3 3.5), 35.1% 64.9% of male firefighterdlassified obese by BMlere false positive

errors, which is similar tche false positive rate of 34.69%6 H dH™2 4SSy GAUGKAY (GKAA &
firefighter overweight categor{the 2'¢ bars of Figures 3.33.5). This is consistent with the previous

UK firefighter study by Mungt al.(2012) whose results indicate that approxtaly half of the

overweight male firefighters had a healthy WC. A similar false positive rate was also detected in

Californian USA firefighters which found-62% of male firefighters in the healthy WC and BF%

categories to be misclassified as overweightBMI (Choét al., 2016).Table 3.6 [A] shows th&5%

of the male firefighters in this study who were classified as healthy by WC were classified as

overweight by BMI, which is similar to a Missouri USA male firefighter study (63%) (&tredrin

2013). It should be noted that the USA studies did not employ the WHtR measure, which, for the

male firefighters in this study, substantially reduced the Bisiéed overweight false positive error

rate to be in closer alignment with the BMased false positeverror rate identified by BF%. Even so,

at first glance of Tabla4, it would appear that BMI is most closely correlated with WHtR for

guantifying overweight prevalence, with less than 7% difference between the two intHoesver,

the 2'Y bar of Figure3.5revealsthat 38.9% of male firefighters classed as overweight by BMI,
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actually have a healthy WHtR <0.5. This is consistent with previous firefighter anthropometry studies
which have also found high rates of false positive errors, particularly inwbeveight classification

of firefighters when comparing BMI with waist measure indices (Metnd@l., 2012; Jitnariret al.,

2013; 2014; Chait al,, 2016; Lessons and Bhakta, 2018). This can be explained by the greater levels
of SMM required tceffectively perform the physically demanding role of a firefighter, thus

increasing total body weight (Jitnarat al.,, 2013). This is epitomised by 3.6% of the obese BMI

category whose WHtRs place them in the healthy range.

A high rate of false positiverrors generated by BMI was also detected for the female firefighters.
77.8% of the women in the obese BMI category fell within the lower risk categories for both BF% and
WHILtR. 72% of the overweight BMI category contained women with a healthy BF%, anfl 52%

women in the overweight BMI category had a healthy WHtR. To the best of our knowledge there is a
paucity of data from other studies which report female firefighter BMI misclassification, therefore

comparisons cannot currently be made.

Widespread falspositive errors could lead to undue confusion, stigmatisation and potentially result
in eating disorders. It is therefore imperative that more valid body composition assessment tools are
developed and implemented for firefighters. At present, WHtR forciaiibn of cardiometabolic risk

in conjunction with BF% (in the absence of a hemgfjusted FM measure) are suggested as the

most valid options for assessing firefighter adiposity status. WC and WHtR are proxy measures of
central adiposity/abdominal fat @well and Gibson, 2016), and are more strongly associated with
risk factors for cardiovascular and cardieetabolic disease thaBMI(Browning, Hsieh and Ashwell,
2010) Whilst accurately cladging these health risks is essential, it is also important to obtain a

more comprehensive picture of body composition as part of assessing firefighter occupational

fithess and risk of musculoskeletal injury.

Study strengths

This is the first UK study tmmprehensively investigate misclassification of male firefighters by BMI,
the first study globally to investigate misclassification of female firefighters by BMI and the first in
the UK to quantify the prevalence of overweight and obesity of a populatidemale firefighters.

This is also an early study to utilise WHtR as a method for assessing adiposity status of firefighters.
All measurements were taken by a singular experienced researcher using a relatively superior body
composition analyser to asse8F% compared with previous studies using less accurate methods
including footto-foot BIA (Postort al., 2011; Jitnariret al.,, 2014) and skinfold measures (Cébi

al., 2016).
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Study limitations

Limitations of this study derived from insufficient rdaaversity within the English fire service which
precluded assessment of the prevalence of overweight and obesity, and levels of misclassification of
ethnicities other than white Caucasian. Also, the purposive sampling strategy of the majority of the
femade firefighters to ensure a sufficient number could have introduced bias, possibly reducing the
representativeness of this study subsample. Whilst a scarcity of UK female firefighters demanded

this strategy, further female firefighter studies are required.

A further limitation was that data was not collected for those who decided not to participate and as
such, prevents the comparison between their characteristics and the participants. It is therefore
unknown whether significant differences exist betweemtjgpants and norparticipants. It should
however be noted that those who refused to participate constituted a minor proportion of the

target sample.

Another limitation was driven by the frdé&ving environment, whereby some determinants of

hydration statis were not controlled directly prior to measurement i.e. participants were not

instructed to refrain from consuming food or liquids. This decision was made to minimise participant
burden and attrition. Whilst a review suggested that BIA is most accurage\wmeasuring healthy

people with stable fluid baland&yleet al., 2004) BIA may be less sensitive to the volume of fluid

recently consumed due to the trunkeomponent only accounting for 10% of absolute body
impedance(Braccoetal, 19960 ¢ KA ad & dzReQa YSIada2NBYSyid LINRG2O02f(
the effect of his potential confounding variable via measurements typically being taken between

11:00 hrs and 16:00 hrs, which goes some way toward reducing diurnal variation. Verbal

confirmation of an empty bladder was also obtained from each participant immediatielytpr

measurement.
Conclusion

When assessing the adiposity of male and female London firefighters, BF%, WC and WHIR identified
varying levels of differential misclassification caused by BMI. Sensitivity of BMI for identifying
overweight and obesity was ber for female firefighters, however, BMI was unable to detect
underweight firefighters. Specificity of BMI was very poor for both sexes, generating widespread
false positive errors. WC also generated differential misclassification, therefore, WHtRunatimm

with BF% (in the absence of a heiglajusted FM measure) are suggested as the most valid options

currently available for assessing firefighter adiposity status and related risk.
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Chapter 4. Development of muscle mass and body fat reference clanvei

firefighters

Overview

In this studya novel body composition reference system for UK firefightexs developed by
generatingcentile reference curves illustrating agelated changes in fat mass and skeletal muscle
mass of male firefighter&Jsing body composition and anthropometric data collected for 497 white
male firefighters, eference centile curves were generated for BRomassndex (FMI)WHtRand
skeletal muscle mass. Comparisons with the equivalent UK general population white male centile
curves identified that the firefighters in this study possessed similar amount of bodpdiad

greater amount of skeletal muscl@ut-offs for definingoverfat and obegy were defined at the 85th
and 95th centilesThese centiles werehosen due to relative suitability and good agreement (97%;
Kappa 0.86p < 0.001) between the BF% curves andFfiMi curves at these centilekowmuscle

and adipositywere defined at the 29 centile. This system not only overcomes the limitations of
commonly used adiposity indexes such as BMt also offers a skeletal muscle reference. This can
therefore be useds a proxyo indicatefirefighterswho may possess insufficient muscular strength,

which is avital component of physical fithess not routinely tested in the UK fire services.

4.1 Introduction

To date, BMI has been the primary health risk classification system usatkigorise firefighters as
being underweight, healthy weight, overweight or obeBegured.1 displays LFB occupational health

statistics which shows the average BMI of operational firefighters to be increasing over time.
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Figure4.1. LFB average BMI fro2009 to 2018unpublished datgrovided byLFB occupational health)

The validity of BMI for classifying firefighter adiposity status was comprehensively investigated by
the study in the previoushapter. This showed BMI to demonstrate poor validitytfor

classification of UK firefighter adiposity status.

Whilst BF% is a more valid body composition assessment tool than BMI, it is still prone to potentially
high rates of misclassificatidRothman, 2008)lue to limitations which are described in detail in
Chapter 1(see Figure 1.5Height adjustedhdiposityindices enableénore accurate nutritional

surveillance over time, providing the ability to elucidate true body composition changes, as opposed
to BF% which only provides information BM changes relative to FFMVC and WHtR are limited

by their inability to measure total adiposity, which is an important consideration when assessing
musculoskeletal injury risk and occupational physical fithess (Pestaln 2011). Given the physical
nature of firefighting taskghis is an important consideration that can only be achieved via a more
comprehensive assessment of body composition, not exclusively focusing on FM, but also paying

attention to skeletal muscle mass (SMM) which, to date has not been assessed in the d¢kvice.

Given that SMM and muscular strength are positively correléidmivmanet al., 2003) SMM is

likely to be an important marker of firefighter operational réaelss. Furthermore, SMM is an
independent marker of metabolic healflas described ikhapter 1).Besides metabolic health, age
related muscle loss (sarcopenia) is an emerging public health and clinical c(Beaudartet al,,
2014) This may be of areasing relevance to the fire service considering the recent change in UK

policy which sets the national retirement age of firefighters to a minimum age of 60 y. Historically,
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firefighters could retire after 30 y service which resulted in most persoratiging in their early

fifties. Sarcopenia is the greatest contributor to decreased mobility in older age. It would therefore
be prudent to monitor firefighter SMM to not only assess occupational fithess and classify risk of
metabolic disease, but to alsnonitor risk of musculoskeletal injury, as a tight relationship exists
between sarcopenia and incidence of osteoporotic fract@sderholnet al,, 2013).Such

surveillance could enable appropriate physical activity and nutritional interventions dedigned
attenuate this decline, as optimal maintenance of SMM throughout adulthood is key to delaying

ageassociated muscle loss (Sagéal., 2008).

Totatbody SMM is traditionally measured via Deakergy Xray absorptiometry (DXA), magnetic
resonance imaigg (MRI), 24hr creatinine excretion or whdledy Kcounting (Kim eal., 2006;

Shenet al, 2004; Wangt al., 2007). The limitations of these methods include invasiveness,
procedural duration, financial expense, specialist training requirements and facilities. Bioelectrical
impedance analysis (BIA) via segmental wimldy analysis offers a nanvasive, valid and atfient
method of assessing both FM and SMM in a field setting. BIA strongly correlates with DXA éVerney
al., 2015), and is a highly viable option due to being relatively inexpensive, rapid, and portable
(Pietrobelliet al., 2004). Segmental BIA analysean also locate FM and FFM distribution,
distinguishing between the limbs and the trunk. This then allows for the calculation of SMM in the

limbs which acts as a good proxy for total SMM.

BIA has been used to produce reference charts displaying smoodrgile curves for the
assessment of ageslated bodyfatness in children (McCarthet al., 2006). The same method was
later used to generate child and youth skeletal muscle mass references (Mc€gaih®014). This
population specific approach has @lscently been successfully used for adults in generating age

related FM and SMM references for UK adults over dGget al.,, 2020)

To date there are no equivalent firefightspecific body composition references availafilee aim

of this study was taevel@ a suite of UK firefightespecific body compdtson references.

4.2.Methods

Participants

The study population comprised 497 ftithe male firefighters from 28 Greater London fire stations
who were recruited on their day shifts from June 2019 to March 2020 during scheduled fire station

engagements which the researcher planned in advance.ddwtvere chosen for inclusion based
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upon their geographical location, ensuring an even geographical distribution of urban and suburban
stations to attain representativenesshe firefighters had the study explained to them in full, and
those who chose toarticipate were provided with a participant information sheet and informed
signed consent was obtained from each participant (Qeapter2). Table4.1 displays the

geographical distribution of the stations and the number of participants from each. Tigeddrom

one to fifty participants. This broad range was attributable to two facterstly, varying numbers of
watches were randomly available for inclusion during the study period, e.g. the stations with the
lower numbers of firefighters (520) dispayed inTable4.1 are due to prior commitments such as
scheduled skills training, fire inspections etc, thus rendering some watches unavailable. Secondly, if a
firefighter from a different fire station happened to be working at the scheduled study statidche

day of data collection, they were given the opportunity to participate. This explains the presence of
the stations from which only one firefighter participated. Exclusion criteria applied to operational
firefighters who were not fultime i.e. thog who do not work both day and night shifts, applying to
n=8.Centile curves need to pecific to ethnic groupdue to inherent body composition
differences(BosyWestphal and Miiller, 2015)herefore exclusion criteria also applied to ethnicities
other than white Caucasian, applyingrte27.Figure4.2 shows the participant flow through the

study.

108



Table4.1. Fire Station participant postings

Urban fire stations n (%)
Bethnal Green 50 (10.1)
Edmonton 43 (8.7)
Tottenham 39 (7.8)
Homerton 33 (6.6)
Stratford 20 (4)
Millwall 16 (3.2)
Lambeth 10 (2)
Poplar 9(1.8)
Stoke Newington 7(1.4)
Islington 6 (1.2)
Dowgate 5(1)
Shoreditch 5(1)
Soho 1(0.2)
Leyton 1(0.2)
Leytonstone 1(0.2)
Total 246 (49.5)
Suburban Fire Stations n (%)
Dagenham 44 (8.9)
lIford 39 (7.8)
Enfield 36 (7.2)
Hornsey 35 (7)
Orpington 27 (5.4)
East Ham 25(5)
Walthamstow 18 (3.6)
Plumstead 18 (3.6)
Plaistow 5(1)
Hornchurch 1(0.2)
Wennington 1(0.2)
Lea Green 1(0.2)
Southgate 1(0.2)
Total 251 (50.5)

Stations withnl' m
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presence at a participating fire station on the day of
measurement. They then voluntarily enied into the study.
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(n=539)

[ Male Firefighters screened]

Ineligible:
Non-shift workers(n=8)
Nonwhite ethnicity(n=27)

NG

[ Eligible firefighterg(n=504)

J

non-participation (n=7) ]

Final data se(n=497)

Anthropometry & body

composition analysisn=497)
\. J

Figured.2. Participant flow through the studiall ethnicities were measured but not included in this
data set due to inherent bodgomposition heterogeneity

Anthropometric and bodyomposition measurements

Chapter 2 describes the measurement protocols followed for obtaining participant anthropometric
and body composition data, and how it was converted into the relevant ind8fe$%), appendicular
skeletalmuscle mass (ASMM) (kg), WHtR, fat mass index (FMI) and skeletal muscle mass index

(SMMI) were used in the construction of centile references for this study.

Ethical Approval

This study was approved by the London Metropolitan University School of Hurieent&s Research

Ethics Committee (Seghapter 2and appendix2.2) and the LFBSge appendif.1).
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Centile curves and statistical analysis

Data was imported to IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, N.Y., USA).
Data was checkefibr normality. Descriptive statistics were computed for age, BF%, WHtR, WC,
ASMM, FMI and SMMI and assigned as continuous variables. Normally distributed data was reported
as mean +/standard deviation (SD). Narormally distributed data was reported asegtian +#

interquartile range (IQR). Age groups were assigned as categorical variables and repoif#d.as

Fire station locations were grouped into urban or suburban categories. Independent sangiés t

were used to test for differences between urband suburban fire station participants in age and all
anthropometric and body composition indices. A scatter plot was generated to assess population
age distribution. Smoothed centile curves were generated for SMMI, FMI, WHtR, ASMM and BF%
separately usig the Cole and Green (1992) method. This summarises the data into three age
specific smooth curves, naméqlambda),M (mu), andS(sigma). Curvelsl and Scorrespond to the
medians and body composition/anthropometric coefficient of variations at each@geelL allows

for age dependent skewness in distribution of the body composition/anthropometric measures.
Percentile curves were constructed via data importation into LMS @haker light, and thé, M
andScurves estimated. Seven centile curve® (®8") were generated each spaced apart by two

thirds of an SD score. The"8and 95" centile curves were subsequently calculated for FMI and BF%.
Contingency tables were used to calculate the level of agesgrnetween BF% and FMI centiles for
defining adiposity status, with the Kappa statistic being calculated (3x3 tables)-Whitney U

tests were conducted to investigate anthropometric and body composition differences between a
subset of firefighters (n98nd the rest of the sample. The alpha value for detecting statistical

significance was set ak0.05.

4.3.Results

Table4.2 displays study population characteristics showing no significant differences in
anthropometric and body composition variablestiveen urban and suburban fire statidrased
participants. Participant ages ranged from 24 62 y (mean age: 40.8 y, SD: 8.6 y). Taldeand
Figure4.3 display the study sample age distributiorrelation to height showing the greatest
proportion of participants to be aged between 25 y and 55 y. Although less data was obtained for
subjects below 25 y and above 53hg agegroup distribution ionsistentwith that reported

within aUK fire service review which comprised male firefighters from f®83f(=7,550) (Williams

et al,, 2013), reporting the following aggroup distribution: 224 y (2.9%), 229 y (9.6%), 3@4 y
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(15.8%), 389 y (16.3%), 484 y (20.6%), 489 y 2.2%), 5664 y (10.8%), 559 y (1.4%), 664 y
(0.1%) Figure4.3 displaysa relatively even dispersal of caseishin the current study Table4.3 also

displays mean SMMI, FMI and WHtR values across nine age ranges.

Table4.2: Study population characteristics

Total sample  Urban fire Suburban Urban vs
(n=497) stations fire stations  Suburban
Mean + SD (n=246) (n=251) p value
Mean +SD Mean = SD
Age (y) 40.8 £ 8.6 40.4+84 41.1+8.8 NS
Height (m) 1.79 £0.07 1.79 £ 0.06 1.8 +0.07 NS
Weight (kg) 90.3+13.5 90.1+14.1 90.4+129 NS
BMI (kg/n?)° 27.7+£4.2 275+4.1 27.9+4.3 NS
WC (cmj© 92+12.8 92+14.3 92+12 NS
WHTtR 0.52 +0.06 0.52 +0.06 0.52+0.06 NS
BF (kg) 205+7.8 204 +8.1 206+ 7.5 NS
BF% 22.1+54 219+54 222+54 NS
FMI (kg/nr) 6.4+23 6.3+24 6.4+23 NS
ASMM (kg9 30.2+3.6 30.3+3.7 30.2+3.6 NS
SMMI (kg/md)® 9.4+0.9 9.4+0.9 9.4+0.8 NS

=496 due to missing dat&=493 due to missing dat&edian * interquartile range.
Abbreviations: BMI: Body mass index, WC: Waistimference, WHtR: Waisb-height ratio, BF: Body fat,
FMI: Fat mass index, ASMM: Appendicular skeletal muscle mass, SMMI: Skeletal muscle mass index.

Table4.3. Mean SMMI, FMI and WH(R participants within each age range

Age(y) N % SMMI FMI WHtR
Mean SD Mean SD Mean SD

21-24 16 3.2 9.5 0.7 4.6 1.8 0.46 0.04
2529 42 8.5 9.3 0.8 5.0 2.7 0.48 0.05
30-34 84 16.9 9.6 0.8 5.8 2.0 0.49 0.08
35-39 93 18.7 9.2 0.8 5.9 1.7 0.50 0.04
4044 85 17.1 9.4 0.9 6.6 2.3 0.52 0.05
4549 96 19.3 9.4 1.12 6.8 3.12 0.54 0.0”
5054 69 13.9 9.3 1.7 7.0 3.12 0.5 0.08
5559 8 1.6 8.9 0.4 6.2 1.8 0.5 0.0”
60-62 4 0.8 9.4 2.3 8.5 6.12 0.58 0.17

aMedian and interquartile range. Abbreviations: SMMI: Skeletal muscle mass indexX)Kgi: Fat mass
index (kg/n%), WHtR: Waisto-height ratio (cm/cm), SD: Standard deviation.
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Figure4.3. Scatter plot depicting age distribution of the study sanipleelation to height

Firefighter reference charts

Figures4 4 ¢ 4.10 display smoothed centile curves which illustrate the-agiated 2nd, 9th, 25th,

50th, 75th, 91st and 98th centiles for SMMI, FMI, BF%, WHIR and ASlivest.9 and4.10 also
displaythe 85" and 99" centiles for FMI and BF%ables 15 inappendix4.1 display the tabulated

corresponding centile cuff values. Figure4.11 and4.12 illustrate centile curve comparisons
between this study sample and the UK white male gengoallation from age 40 y for SMMI and
FMI respectively.
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Figure4.4. Male firefighter ageelated skeletal muscle mass index references. The dotted IHedatile)
defines the cuoff for low SMM.
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Figure4.5. The initial male firefighter agelated fat mass index (FMI) reference. Bottom dotted line =
preliminary undesfat cut-off, middle dotted line = preliminary overfat coff, top dotted line = preliminary
obesity cutoff. This reference has since beaptaced with Figure 4.9.
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Figure4.6. The initial male firefighter agelated body fat percentage (BF%) reference. Bottom dotted line =
preliminary undesfat cut-off, middle dotted line = preliminary overfat coff, top dotted line =preliminary
obesity cutoff. This reference has since been replaced with Figure 4.10.
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Figure4.7. Male firefighter ageelated waistto-height ratio (WHtR) reference.
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Figure4.8. Male firefighteragerelated appendicular skeletal muscle mass (ASMM) reference.
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FMI (kg/r?)

Figure4.9. The definitive male firefighter agelated fat mass index (FMI) reference. Bottom dotted line =
Underfat cut-off, middle dotted line = Overfat cdff, top dotted line = Obesity ctdff.

Worked ExampleFor Figures 4.9 and 4.10, the overfat and digesit-off curves were placed at the

85" and 95" centiles due to their high level of agreement (97%, Kappap86)01)i.e. 97% of

firefighters were classified into the same adiposity categories by both FMI and BF% when placing the
cut-offs at the 8% and 93" centiles.This approach is more conventional than the ndirmtial)

approachto applying cutoffs which resulted in them being placed at different centildisgflayed in

Figures 4.5 and 4.6, and described in detail on dd@ See pagd23for detailed rationale and
justification for using Figures 4.9 and 4.10 as the definitive male firefighter adiposibffsut

40 ~

Body Fat (%)

Figure4.10. The definitive male firefighter agelated body fat percentage (BF%) reference. Bottom dotted
line = Undeifat cut-off, middle dotted line= Overfat cuioff, top dotted line = Obesity ctoff.
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Figure4.11. Malefirefighter agerelated skeletal muscle mass inde% $0" and 9Ft centiles (solid curves)
with corresponding English white male centiles (dotted curves) between 40 and 62 st ¢gle@020).
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Figure4.12. Malefirefighter agerelated fat mass index'9 50" and 9F! centiles (solid curves) with
corresponding English white male centiles (dotted curves) between 40 and 62 gt @le2020).
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Centile curve trajectories

Skeletal muscle

Figure4.8 displays the seven ASMM centiles showing a bobsitibution, with a range of 17.2 kg,

from 21.8 kg at the ® centile at 62 y to 39.0 kg at the 98entilebetween25and27.5 y. Similarly,

the seven corresponding SMMI centile curves shown in Figdrepén a distribution of 4.4 units,
ranging from anadir of 7.1 at the 2 centile at 62 y to reaching a zenith of 11.5 at thé& @8ntile
between the ages of 47.5 and 50 y. This highlights their main difference from the associated ASMM
centiles which represent absolute SMM, and peak in the mid to laénties (age), thus revealing

taller firefighters within the younger age range. This inverse association between age and height is
visible from visual inspection of Figut& and was confirmed as a highly significant very weak
correlation ¢ =-0.152,p =0.001). Aside from this difference, the SMMI curves follow similar
trajectories to the related ASMM curves. Their normalisation for height makes them behave less
erratically, however the ASMM curves are useful for making comparisons with SMMI from which

useful conclusions can be drawn such as the discovery of taller subjects in the younger age range.

The 50th centile for SMMI displayed in Figd shows a stable value of 9.4 for the first decade.
Between 32 y and 38 y a decline occurs equating to arageeof 0.02 units/y. This is followed by a

brief period of stability at 9.3 until 41 y, at which point a very gradual SMMI rebound begins

equating to 0.01 units per year, reaching 9.3 at 45 y. This stabilises briefly until 48 y which marks the
beginning & a visibly steep decline equating to a mean decline of 0.03 units/y, reaching an SMMI of
8.9 at 62 y. The corresponding ASMM'B@ntile Figure4.8) suggests this decline to equate to an
average of 183 gly.

Adiposity

The FMI centile curves (Figut®) span a distribution of 13.7 units, ranging from a nadir of 1.7 at the
beginning of the Z centile curve at 21y, reaching a zenith of 15.5 at the end of tHec@atile

curve at 62 y. The 8%Ccentile begins at FMI 4.1 and steadily increases at a maarof 0.1 units/y

until reaching 6.6 at 46 y. This curve then levels out, showing a very gradual small total increase of
0.34 units over the following 16 years, equating to an annual mean increase of 0.02 units. Whilst the
25" centile curve follows a siitar slight upward trajectory to the 3Ccentile curve, the 2 and 9"

FMI centile curves show a steady gradual descent from 50 to 62 y.

This contrasts with the BF% chdfiqure4.10) where all centiles continue to gradually increase until

62 y. The 50 centile begins at 16.7% and steadily increases to intercept 19.7% at 30 y, before
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continuing upward to reach 22% at 40 y. This curve continues on its trajectory, reaching 23.6% at 47

y which marks the beginning of a more gradual increase toward itshzeht4.7% at 62 y.

Figured4.7 displays the WHtR centile curves, showing a broad distribution ranging from 0.39 at the
beginning (21 y) of the"2centile to 0.72 at the upper end (62 y) of theé"9&ntile. These curves
follow a predictably similar patterto the FMI centile curves displayed in Figh@® The 50 centile
begins at a WHIR of 0.45 at 21 y. This steadily escalates to reach the beginning of the first
cardiometabolic disease risk threshold of 0.5 at 35 y. This is exceeded by the age ofi39 y a
continues on the same trajectory until reaching a WHtR of 0.54 at 49 y, which marks the start of a

more gradual increase toward 0.55 at 62 y.

Defining risk

The SMMI and FMI centile charts are intended for use not only as research references, bst also a
clinical references, to plot and track individual firefighter SMMI and FMI values against the
representative reference sample. To identify individuals at the highest health risks in terms of
adiposity, cutoffs were defined for classification of firefigins into lownSMM, undeffat, healthy,
overfat and obese categories. An initial attempt to define the FMiofistwas made using the BF%
curves as a reference to help decide where to apply each ris&ftanh the FMI chart. BF% was used
for this purposebecause body fat percentage ranges for adults in the general population already
exist(Gallagheet al., 2000) and were therefore used to initially guide the application of preliminary

risk cutoffs to the BF% centiles chart, before translating them to the FMI chart.

Prdiminary BF% and FMI caoffs (displayed in Figures 4.5 and 4.6)

This section of the thesis describes a novel approach for applyiraffsuflhis initial attempt was
subsequently replaced with the definitive eoffs displayed in Figures 4.9 and 4.10 (geenext
aS00GA2y (GAGE SR W5STAYA (-2 DSHg@dt 8idspldyStie BEMNI NBEFSNBY OS
LINB f A YA V-F INE @fdmeiRlSibted by the dotted line below thé%entile. This was
defined as such due to close relevance with the standard adult malefaddgnges (BFR) which are
displayed inTable 44. The curve begs at 7% which is 1% below the BFR uddecut-off for 20-40

y. This can be seen to gradually increase, intercepting 11% at around 40 y, followed by a slight
increase to around 12% at 50 y before levelling off until 62 y, all of which correspondsevBirR
agerelated cutoffs. The preliminary BF% eoff curve to define overfat firefighters was applied at
the 50" centile. This begins at 16.7% at 21 y which is slightly below the BFR ovedft@i20% for
20-39 y. This curve intercepts 19.7% 8ty3 which more closely aligns with the BFR overfabéut

This then gradually increases to intercept 22% at 40 y which is identical to the BFR ovesfatarut
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40-59 y, before continuing its trajectory until intercepting 25% at 62 y which is idémithe BFR

overfat cutoff for 60-79 y. The preliminary cuiff defining obese firefighters is illustrated by a

dotted curve plotted between the 75and 9F! centile curves. This begins at 22% at 21 y which is 3%

below the BFR obese caff of 25% forR-o p € ® ¢ KA a OdzZNBSQa aidSFRe (NI 2
which is midway between 20 and 39 v, illustrating the perfect interception and further validating

the chosen preliminary cuff curve placement (the same happens with the overfat curve at3ige

y, see above). The preliminary obese-offtcurve then climbs to intercept 27% at 40 y, which is 1%

below the BFR obese ecaff of 28% for 4669 y. This curve then increases to reach 28% at 45 y and

hovers around this percentage until 52 y when it &tdo increase to intercept 30% at 60 y, which

perfectly matches the BFR obese-oiit for 60-79y.

To ascertain how the FMI centiles related to the preliminary BFY6f€atirves, studyarticiparts

were grouped by age and BF% risk classification. Talslesd4.6 display the mean, minimum and

maximum FMI scores within each BF% category across two age raagkesi(5) which were then

further divided into nine age range$aple4.6). Tabled.5 was first used to examine how FMI scores

related to the FMEtut-off curves. This was used as a primary reference aid due to the two age ranges
containing a fairly representative number of firefighters within each BF% category, which revealed

similar proportions of healthy, overfat and obese firefighters within bage ranges, although FMIs

FNB INBFGSNI FYR Y2NB @I NMb wds hendded & & sbségifedt xnn & N
reference aid. As some of its nine age ranges contained relatively small numbers of firefighters

within their respective BF% categorjd¢kis was used as a rough secondary guide to assess

coherence between the newly applied FMI centile-offtcurve and BF% categories.

Table4 4. Sandard adult norAsian male body fat (%) ranges (BFR)

Age Underfat (%) Healthy Overfat Obese
20-39 <8 8-20 20.1- 25 >25
40-59 <11 11-22 22.1-28 >28
60-79 <13 13-25 25.1- 30 >30
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Table4.5. Mean, minimum and maximum FMI scores within each BF% category across two age
ranges

Age range | BF% category | n Minimum FMI | Maximum FMI| Mean FMI SD
v)
Healthy 90 1.5 5.3 3.83 0.76
21-39 Overfat 102 4.48 7.72 6.01 0.74
Obese 43 6.31 14.05 8.47 1.48
Healthy 96 2.25 6.28 472 0.89
4062 Overfat 114 5.29 9.43 7.2 0.91
Obese 52 8.18 17.76 10.75 2.07

Abbreviations: BF, body fat; FMI, fat masdex.

Table4.6. Mean, minimum and maximum FMI scores within each BF% category across nine age
ranges.

Age range | BF% category | n Minimum FMI | Maximum FMI| Mean FMI SD
v) (kg/m?) (kg/m?) (kg/m?) (kg/nv)
Healthy 11 15 491 3.56 0.91
21-24 Overfat 4 5.81 7.21 6.33 0.61
Obese 1 8.83 8.83 8.83 -
Healthy 18 15 4.79 3.46 0.86
2529 Overfat 19 4.48 6.98 5.69 0.73
Obese 5 6.61 14.05 8.74 3.01
Healthy 32 1.88 5.2 3.91 0.7
30-34 Overfat 35 5.03 7.4 6.03 0.65
Obese 17 6.99 11.91 8.75 1.34
Healthy 29 2.23 5.3 4.07 0.63
3539 Overfat 44 4.62 7.72 6.1 0.79
Obese 20 6.31 11.31 8.14 1.1
Healthy 38 2.53 6.08 4.65 0.92
4044 Overfat 32 5.61 8.82 7.2 0.86
Obese 15 8.18 14.73 10.18 1.66
Healthy 29 2.25 5.81 4.66 0.85
4549 Overfat 48 5.29 9.21 7.24 0.99
Obese 19 8.55 16.97 10.99 2.03
Healthy 25 3.01 6.28 4.92 0.88
50-54 Overfat 28 5.7 8.68 7.15 0.78
Obese 16 8.67 17.76 10.7 2.24
Healthy 3 4.42 5.7 5.07 0.64
5559 Overfat 4 5.99 7.25 6.53 0.53
Obese 1 15.67 15.67 15.67 -
Healthy 1 3.02 3.02 3.02 -
60-62 Overfat 2 7.66 9.43 8.54 1.25
Obese 1 10.54 10.54 10.54 -

Abbreviations: BF, body fat; FMI, fat mass index.

Figure4d5RA & LX | @a (KS LINKBIf (hoffcQfdeiNdstrat€dbl thedddngdiSeNklow
the 2'9 centile. This was applied to match the position of the associated BFé§fautrve (Figure

4.6). The preliminary FMI cuff curve to define overfat mal@refighters is illustrated by a dotted
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curve which was applied between the&nd 50" centile curves. This curve begins at an FMI of 3.6
at age 21y. This is slightly lower than the mean FMI in the healthy BF% group as displapéa in

45, and slighly higher than the corresponding mean FMITable4.6. This curve steadily escalates

to intercept 4.6 at 30 y which is slightly above the minimum FMI in the overfat BF% group, and lower
than the maximum FMI in the healthy BF% groupahble4.5. This inerception also aligns well with
Table4.6 by being slightly lower than the maximum FMI in the healthy BF% category within-the 30
34y age range. This curve then maintains a steady trajectory tracking betweenth@@50"

centiles, staying above the egelated minimum FMiIs in the overfat BF% group, whilst remaining
below the maximum FMIs in the healthy BF% group as characterielgd.5. Thisndicates that

the firefighters possessing the greatest FMIs in the healthy BF% group would now bedlassif
overfat by this FMI cubff curve. This could be considered appropriate as these firefighters are most
likely to be carrying a greater level of FFM which is driving their BF% down into the healthy range,
despite the fact they possess high levelab$olute body fat. As such they may be misclassified as
false negative errors by conventional BF%affs. Conversely, the firefighters possessing the lowest
FMls in the overfat BF% category are likely to be false positive errors for the opposing reason i
they have lower FMIs than the false negative firefighters, however, their relatively low proportion of
FFM is driving them up into the overfat BF% category, despite the fact they possess lower levels of
absolute body fat compared with firefighters inet upper end of the healthy BF% range. In this
instance, low SMM is of greater potential concern than high adiposity. A corresponding alignment
was generally observed across the nine age ranges Uialiig4.6 as the reference, with the

exception of threeof the age ranges. This was dueattomalyFMI scores derived from BF%
categories containing relatively small numbers of firefighters within them. These anomalies were
therefore ignored, andable 4.5 was referred to for use as a guiding reference. Ovbeall

preliminary FMI overfat cubff curveindicated good alignment with the BFR for defining overfat

male firefighters.

Similar to the initial BF% centiles chart (Figu®, the preliminary FMI cetff curve defining

obesity is illustrated by the dotted curve plotted between thé"zhd 9F centile curves (Figure

45). This begins at an FMI of 5.6 at 21 y which is almost identical to the mean FMI of 6.0 within the
overfat BF% category as displayedale4.5. This curve steadily escalates to intercept 7.3 at 30 y,
which is 0.4 below the maxum FMI in the overfat BF% category, and 1.0 above the minimum FMI
within the obese BF% category. This curve then maintains a steady upward trajectory intercepting
8.3 at 40 y, which is halfay between the mean and maximum FMIs in the overfat BF% categor

and 0.1 above the minimum FMI within the obese BF% category. Between 40 y and 50 y this curve

becomes its steepest, intercepting 9.6 at 50 y, which is slightly above the maximum FMI of 9.4 within

122



the overfat BF% category. The preliminary obesityafficurve continues on a similar trajectory

until intercepting 10.3 at 60 y. The same rationale used in the application of the preliminary overfat

FMI cutoff curve was applied to the obesity FMI @uF ¥ O dzNISQa t 20 GA2y ® | RRA
ofthisOdzNIBS Qa @I f dzSa 6A (K (KS 4BauNNBSndicdRygeddy 3 Cal Ol €

alignment of this preliminary ceaff with the BFR for defining obese male firefighters.

Definitive firefighter reference centile cuiffs (displayed in Figures 4.9 and @)

These cutoffs have replaced thpreliminary cutoffsin Figures 4.5 and 4.@toseearlier Figures

represent a initial novel attempt for arriving at cubffs usingthe widely used BFR (Gallagletal.,

2000)as a guiding referencédoweverthat initial approach was not concerned with whether or not

the same firefighters were classified into the same adiposity categories by both indices. This was
subsequently considered to be a crucial factor, theretiwee decision was made to undertake a

seriesof agreement comparisons between BF% and FMI. The aim was to identify centiles which

could be considered suitable to be assigned asofistin defining overfat and obesijtyesembling a

more conventional approacht was decided thapotential cutoffs needed to show dighlevel of

agreement and an acceptably low rate of misclassification when comparing FMI and BF%. The
assessment of agreement was undertaken by identifying the proportion of firefighters falling into

the same proposed adiposity classifioais by both FMI and BF% at correspondingaftg. For

example, the 9% and 98" centiles of the BF% and FMI charts were assessed initially. This was

decided as a good starting point due to these centiles often being assigned to healthy reference
populations in defining overweight and obesity respectively e.g. the child BMI and WC reference

charts by Cole, Freeman and Preece (1995)Meo@arthy, Jarrett and Crawley (200&¥pectively.

¢CKS LINPOS&aa Ay@g2ft SR a2dadSYFGAOrffea thénO8oNI I Ay Ay -z
GKS &lYS IRALRaAGE OflFaaAFAOLGARZY AdSd® AT GKS al
91and 98" OSy G At S OdaNBSasx GKAA gta OflFaasSR Fa Fy 3N
between the 9% and 98" centiles but tieir FMI fell below the Flor above the 98 centiles (or vice

versa), this was classed as a misclassification. Talglds10 display the investigated cufffs in

contingency tables which show the levels of agreement for each attempted comparison5'The 8

centile was eventually selected to define overfat firefighters and tHe@sntile was selected to

define obese firefighters. This was due to (a) thé# 86d 93" centiles being of a suitable level to

identify those firefighters with high adiposit{h) the same centile curves have been successfully

used for defining overfat and obese2d y oldgMcCarthyet al., 2006) (c) A high level of

agreement: 97%, Kappa: 0.86<0.001), and (ddhe acceptable rate of misclassification which was

generated at these centiles acted faidguivocally in each direction (false positives and false

negatives), as opposed to the9and 98" centiles which suggested that (i) these centiles were far
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too conservative which would result in poor sensitivity for detecting overfat and obesity, inttte(i
915t FMI centile curve lacked sensitivity for detecting the eight firefighters who tHé&% centile
curve classified as overfat. Th¥ 2entile was selected to identify undéat firefighters which is
consistent with British growth charts whielso use the ? centile to define low value&ole,
Freeman and Preece, 1995; McCarthywle 2006) The definitive cubffs are displayed ifigures4.9
and4.10.

Table4.7. Contingency table displaying the level of agreement between BF% and FMI categories usifig the 91
and 98" centiles to define overfat and obesity.

FMI category (93 and 98" centiles)

Healthy Overfat Obese Total
BF% category Healthy 449 3 0 452
(91stand 98" Overfat 8 22 1 31
centiles) Obese 0 1 13 14
Total 457 26 14 497

Agreement: 484/497 97.4% Kappa = 0.84pk 0.001)

Following this initial comparison, the eight firefighters who were classified as overfat by BF% and
healthy by FMI were investigated for anthropometric and body composition differences. This
revealed them to be an average 26 cm taller than the rest of the sample.

Table4.8. Contingency table displaying the level of agreement between BF% and FMI categories usifig the 91
and 98" centiles to define overfat and obesity by BF%, and tHe&% 93" centiles by FMI.

FMI ategory (8% and 95" centiles)

Healthy Overfat Obese Total
BF% category Healthy 431 21 0 452
(915t and 98" Overfat 2 19 10 31
centiles) Obese 0 1 13 14
Total 433 41 23 497

Agreement: 463/497 = 93% Kappa = 0.66pk 0.001)

Table4.9. Contingency table displaying the level of agreement between BF% and FMI categories usirfy the 85
and 95" centiles to define overfat and obesity.

FMI category (88 and 95" centiles)

Healthy Overfat Obese Total
BF% category Healthy 427 4 0 431
(85" and 95" Overfat 6 35 4 45
centiles) Obese 0 2 19 21
Total 433 41 23 497

Agreement: 481/497 = 97% Kappa = 0.8k 0.001)
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Table4.10. Contingency table displaying the level of agreement between BF% and FMI categories using the
50" and 85" centiles to define overfat and obesity.

FMI category (50 and 85" centiles)

Healthy Overfat Obese Total
BF% category Healthy 230 11 0 241
(50"and 88" Overfat 11 168 4 183
centiles) Obese 0 9 64 73
Total 241 188 68 497

Agreement: 462/497 = 93% Kappa = 0.88& 0.001)

As no comparable SMM coffs exist, for these references, low SMM was defined at tHeeéntile
which is illustrated in Figuré4. Male firefighters possessing extremely low SMM are therefore
identified if they fall below the @ centile curve on the SMMI chart. This equates to >2 SD below the
mean SMMI and is consistent with other British growth charts which also usétbertile to

define low valuegCole, Freeman and Preece, 1995; McCarttat.e2006)

4.4.Discussion

In this study novel firefightespecific body composin referencesvere developedThe charts
produced by this study represent the very first firefighter body composition reference centile curves
globally. They illustrate the variations and changes in the body compartment proportions across a
fire service areer and can provide a more detailed body composition assessment against a

reference population than other commonly used references such as BMI.

Representativeness of the study population

Firefighters fromethnicities other than white Caucasian were niotluded in this study due to

inherent body composition differences. As these demographics account for 4.3% of the English fire
service (Home Office, 2019), obtaining sufficient data to generate ethnicity specific centile
references remains unfeasible. Wibnly 6.4% of firefighters in England being female (Home Office,

2019), the same limitation applied for creating sex specific references.

The present limitation of a small sample size for the subjects over 55 y is due to firefighters generally
retiring bythis ageIndeed, the UK FRS pension review by Williatred (2013) analysed data on

n=7,550 male firefighters from four English FRSs, which showed a similar age group distribution to
that seen in this studyExternal validity of the reference centilessstrengthened byhis similarity in

age distribution along with a meaage 0f40.8 y, which is almost identical to the mean age of 41y
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across the English fire servigeétome Office, 2019), and theedian BMI 0f27.7in this study sample
being almost identicab the BMI of the averageFB firefighter (27.6easured in 2018 see Figure

4.1). Furthermore the sampling of an even distribution of urban and suburban fire stations within
Greater London, renders this sarapkpresentative of the wider English firefighting populati®he

Cole and Green (1992) method accounts for skewness and goes some way to overcoming the less
well represented age categories. It therefore provides a representative illustration of body
composition differences across the age ranges. As this workforce is an aging workforce being
required to work longer to obtain a full pension, the older firefighters hiidlly represent a greater

proportion of the workforce over time.
Centile curves

For allof the centile references in this study, the broad distribution from tH&t@ the 98" centiles

may be reflective of varying roles and responsibilities within the firefighting watch structure in terms
of managerial or driving responsibilities and asatex varying levels of physical activity (Dobson

al., 2013), potentially contributing to greater disparities in SMM and adiposity. Furthermore, to date
there has been a paucity of fithess testing in UK fire brigades. An occupation which was once highly
active has become steadily more sedentary due to increases in cordApased training and

advances in fire prevention technology leading to less fires to fight, and ultimately less physical
activity (Office of the Deputy Prime Minister, 200@hoiet al., 2011, Home Office, 2020 This is

currently being addressed via the introduction of periodic fitness testing which recently began in LFB
in 2020. The primary physical fitness assessment is the Chester treadmill test which reflects the VO2
max required of direfighter. Whilst this tests cardiorespiratory fitness, it is not designed to test
muscular strength, which is an essential component of firefighter occupational fithess (Stewtnson
al., 2017). This further highlights the need for a reference meastis&eletal muscle which can be
utilised as a body composition surveillance tool for the assessment of firefighter nutritional status.
This would also be useful during periods of weight loss which could result in a loss of SMM
(Weinheimer, Sands and Campb&010) In such a scenario, the SMMI reference could be utilised

to identify and then reduce SMM loss via appropriate physical exercise and nutritional intervention.
At the extreme end of the spectrum, the eoff defining low muscle mas®uld be consideredsa
potentialtrigger for health professionals to take action in terms of prioritising intervention strategies
to increase SMM. Furthermore, if a firefighter falls below thisaffit consideratiorcould be given

to administration of a muscular strengthagsd YSy & (2 GSaid GKS FANBFAIKGS

firefighting tasks requiring this component of physical fithess safely and effectively.

SMMI centile reference
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The age related SMM decline from 48 to 62 v is clearly visilbfligirest 4,4.8 and4.11. The
accompanying SMMI centile caff values dppendix4.1, Table 1) show a steady mean decline of

0.03 SMMI units/y. Whilst mean SMMI in this age group is greater than UK white males by a mean of
0.35 units, the rate of decline in this study is steefiwm seen in UK white males between 48 and

62 y, which was estimated at a mean rate of 0.024 SMMI un(tsget al, 2020) Appendix4.1,

Table 5indicates that this translates to a mean decline of approximately 0.6% of absolute ASMM per
year from 4862 y. This is possibly due to the limited number of studyjects over 55 y within this
sample, and therefore the following inferences are made with caution. This rate of muscle decline is
approaching populatioibased estimates of sarcopenia usually seen during and after the sixth
decade of life (Englistmd Paddn-Jones, 2010; Regt al, 2014; Kosteet al, 2011). Of more

potential concern is the conclusion of a review by Mitckekl. (2012), which found that a loss of

1% SMM is associated with a loss of muscular strengthdéb 3suggesting strength to decline more
rapidly, at a rate 5 times faster than SMM. The implications of this rate of SMM decline and
potentially even greaterancomitant losses of muscular strength are potentially concerning for an
aging workforce which relies heavily upon muscular strength to successfully perform strenuous life
saving activity whilst minimising risk to themselves and others in hazardous aitsiaiVithin this

context, the SMMI centile reference curves can be used as a sarcopenic surveillance tool, indicating
rates of agerelated SMM decline and informing appropriate physical activity and nutritional
interventions. Potential aetiology for thisiggested expedited decline of $3Mn firefighters could

be the physiologically adverse combined effects of shift work, sleep interruption and stress. In this
context, sleep deprivation could be causing dual pathologies, acting both as a mediator foséacrea
cortisol production resulting in SM catabolism(Braun and Marks, 2015\ hilst simultaneously
suppressing testostene production(Andersen and Tufik, 200BJading toanabolic resistance

(Bremner, 201Q)More research is required to confirm the aetiology and physiological mechanisms

for the perceived rapid decline in firefighter SMM.

Adiposity

The average FMI from 438 y within thissample was 6.7 which is 0.1 units greater than UK white
males within the same age ran@eceet al,, 2020) Within the 5054 y age range the average FMI of
7.0in this sample is the same as-58 y UK white male@ eeet al,, 2020) Given the established

high prevalence of overweight and obesity within the UK general population, these comparisons
indicate a similaconcerning level of adiposity for UK firefighters. In this instance, the same
exposures of firefighting as a highly stressful occupdiiuran, Woodhams and Bishopp, 2018;
Rodriguest al,, 2018) combined with shift work and sleep deprivation contributing to the

aforementioned SMM decline, could simultaneously be contributing to increased adiposity through
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a complex combination gfathogeniomechanisms, including increased ghrelin and decreased leptin
secretion caused by sleep disturbar(®an Cauteet al,, 2008) leading to increased food intake
(Spiegekt al., 2004)being possible mechanisms for sleep curtailment being a risk factor for obesity
and type2 diaketes(Van Cauteet al, 2008) This is further associated with the firefighting shift
pattern which is characterised by two day shifts followed by two night shifts, as two cdiveecu
nights of restricted sleep (four hours in bed) for young men has been associated with increased
ghrelin production of 28%, and reduced leptin production of 18%, leading to a 24% increase in
hunger predominantly for energy dense and micronutrient pfamds high in carbohydrate such as
starchy foods, higisalt snacks andonfectionary(Spiegekt al, 2004) This is further compounded

by the fire station food environment which has been characterised as obesogenic (Calzon

2013).

Figure4 9 illustrates the 50 FMI centile for this population increasing at a fairly steady average rate
between the ages of 21 and 46 y. From 47 y we see a levelling off of FMI attherille with a

total marginal gain of 0.28 units up to the age of 62 y. As FMI would be exjgeciecrease at a

faster rate between these ages, as illustratedJeget al. (2020) this anomaly could again be

attributed to the relatively small sample of over 55 y subjects, and as such the following inference is
made with caution. This phenomenon could potentidiéyrelated to the fact that older firefighters

can still currently retire and collect a full pension at around 50 years of age. Whilst this policy has
changed for firefighters recruited aftet"5April 2006, who now have to work until 60 y, the majority

of firefighters within the older age range were employed on a different contract. This may imply that
the personnel who currently decide to remain working beyond 30 y of service/50 y of age are doing
so because of superior health/physical fitness, refledigattenuation of FNMincrease. Future
generations of firefighters will not have this luxury of choice. The implications of the entire
workforce being expected to remain working until the recently imposed minimum retirement age of
60 y could result in theteady deterioration of body composition into the final decade of service
unless adequate intervention measures are employed to ameliorate this outcome. The concomitant
financial implications of increased LSA via illness, injury and disability wouldligcelyt an already
financially challenged public sector organisation. When overweight/obesity affects emergency
service personnel the stakes are higher than purely financial loss. Impaired physical fithess
compromises the personal safety of themselvegjticolleagues and that of the public whom they

serve (Moore, 2003).

The opposing trajectories of the FMI and SMMI centile curves further highlights a limitation of BMI,
being intrinsically unable to detect these important changes in body compositionhetbpposing

effects of FM gain and SMM loss often cancelling each other out resulting in little weight change. If
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BF% is relied upon without FMI, the masking effect could give the false impression of increasing
adiposity, whilst the actual cause of inased BF% is in fact a relatively steep decline in SMM. This is
depicted in Figured4.9 and4.10 by the contrasting trajectories of the FMI and BF% lower centile
curves, highlighting a limitation of BF%, which in this instance is masking SMM declinéoatethe
centiles. Comparison between the FMI and BF% charts at the upper centiles highlights the masking
effect to go in the opposite direction, whereby the'7® 1! and 98" FMI curves show progressively
greater divergence from the %Qcentile curve. Thelear contrast from the corresponding BF%

centile curves suggests that a relatively high amount of FFM at the upper centiles is reducing the
gradient of the upper BF% centile curves. This was the underlying principle behind the decision to
shift the prelminary FMI overfat cubff curve to just below the 30centile. Although the

corresponding preliminary BF% eff was applied at the S0centile, crosscorrelation withTables

45 and4.6 indicated reduced sensitivity when using thé"5MI centile ashe overfat cutoff.
Essentially, the lowering of the preliminary FMI overfatafitwas justified due to firefighters

generally possessing a greater proportion of SMM than the general population. At the obese level,
the preliminary FMI and BF% eoff curves were placed at the same level, as the ciamselation
method usinglables4.5 and4.6 showed good alignment between the two indices for defining

obesity between the 75and 9Ft centiles on both charts.

Definitive cutoffs

The decision t@pply the overfat and obesity FMI eaffs at higher levels than the preliminary eut

offs was patrtially driven by the desire for the system to avoid generating false positives. This was to

avoid the unfair stigma and potential adverse ramifications potgiytiarising from being labelled as

overfat or obese. To counteract the opposite problem which could arise from fairly conservative cut

offs in the form of reduced sensitivity and false negative errors, the FMté&0tile is proposed as
anearlywarningut2 T ¥ g KA OK O02dz R ONRAIIASNI Waz2FiQ AyuSNBSy
action. The 59 centile can be justified for this use based upon three principlegh{4)s closer to

the established BF% caffs which were defined for the adult generadjulation (Gallagheet al.,

2000), (2)Table4.10 demonstrates good agreement between thé"3EMI and BF% centiles,

Qx
(p))
P

showing a low and acceptable rate of misclassification, antk(3)a ¢2dz R y 20 06358 dz
off with accompanying clinical tesrof overfat/obesity. In this context, the 8&MI centile acts as
an early alert system, and the definitive FMI overfat and obesityoffstact as a means of

identifying high risk individuals.

Whilst BF% centiles were useful for comparison and guidahttee FMI cutoffs, we propose that

their utility for risk classification of firefighters is redundant due to the major limitations of
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percentage measures as comprehensively describ&iapter 1. Similar to the WHIR references,
the BF% references areame useful as an academic research tool as opposed to a clinical

assessment tool.

When used in conjunction, the FMI and SMMI centiles provide a reference system of superior
validity for assessing agelated body composition changes compared with the tliadial methods

of BMI and BF% assessment. Smoothed centile curves can also be considered as being more
reflective of the gradual ageelated transitional nature of risk, as opposed to the currently used cut
offs which apply to age groups spanning two dexad he notion of risk suddenly increasing
substantially at a specific age is neensical, an issue which is overcome via the application of

smoothed centile curves.

Overfat/overweight and obesity centile coffs are generally applied to healthweight reference
populations(Cole, Freemn and Preece, 1995; McCarthy, Jarrett and Crawley, 2001; Mc@adhy
2006) Previous research from Muregt al. (2012) and Lessons and Bhakta (2018) suggests that a
healthy weight population of firefighters may not currently exist within the UWiKoverweight,

overfat and obesity were high prevalence for this sample, theofuturves defining overfat and

obesity had to be applied at a lower level than most British growth charts. Every effort was made to

ensure they were applied at appropriate fi@ns for optimal validity.

The WHtR centile reference chart was generated for use as an academic research tool as opposed to
a clinical assessment tool. This is because the WHtR health riek<db not shift with age. This
reference is however useffas a nutritional surveillance tool tndicatecardiometabolic health risk

of this occupational group via analysis of the distribution, trajectories and interceptions of the

centile curves. When comparing the WHiRart with the FMI chart using the respective"&ntile

curves for comparison, it appears that whilst FMI declines from 47 y, WHtR continues to increase.
This observed difference indicates a possible shift in the propensity to store FM, from theelglati
benign subcutaneous FM depots to the more pathogenic visceral adipose tissue storage sites. In this
context, possible mechanisms could derive from elevated stress and sleep curtailment eliciting
insulin dysregulation and increased cortisol secretioommting triglyceride accumulation mostly in
visceral adipocytes, leading to an increase in central adip@ditgtsu, Tufik and Andersen, 2015)
Further research is required to determine if this obast increase in firefighter central adiposity is

of clinical relevance.

The continued accumulation of central adiposity accompanied by the observation that the WHtR of
0.5 is exceeded around midway through the third decade is of contéisa.may have ingytant

implications considering the fact that firefighters are at significantly increased risk of acute

130



myocardial infarction (MI) due to their occupational exposure to intense heat increasing vascular
thrombogenicity (Hunteet al., 2017), and do indeediffer a significantly greater rate of Ml (Kales

et al,, 2007), and furthermore are exposed to an occupational environment which has been
characterised as obesogenic (Dobstral., 2013). As WHIR provides a simple and inexpensive
indicator of intraabdomiral visceral adipose tissue, this measure is recommended as an important
risk assessment method to be added to the FMI and SMMI body composition reference charts for
indicating cardiometabolic disease risk. This combination of measures also enables tttodaié
firefighters with aconcerningcombination of an elevated WHtR and low SMM. This combination
may compound their level of risk, as low muscle fithess has been associated with increased
metabolic risk (Steenrdohannessert al., 2009) and muscle &ngth has been positively correlated
with insulin sensitivity (Bensaet al., 2006). At the extreme end of the pathological spectrum, this is
characterised by sarcopenic obesity, which could become a widespread problem for an increasingly

sedentary occupdbn which has an aging workforce.

Study Strengths

This study utilised the Tanita M@0 MA multifrequency segmental body composition analyser for
collecting BIA measurements. This model was developed more recently and is likely to be more
accurate than tke model used in the most recent and comparable studizéset al., (2020)which
analysed body composition data obtained from the TanitadBE& MA. Because BIA algorithms for

the estimation of body composition vary, it is advisable to use these reference centile charts in
conjunction with a Tanita MC780 MA system. A few studies have however found only small
differences in BF% between different analysers by this manufacturer equating to an FMI difference
of 0.30.8 units(Hemmingsson, Uddén and Neovius, 2009; Rarviédazet al, 2016; Leet al,,

2017) This suggests that regardless of the analyser used, a subject would probably fall into the same
percentile, considering that the narrowest margin beemeFMI centiles in this study was observed
between the 29 and 9" centiles which averaged at 0.83 units. Whether the same applies to SMMI
whereby the differences between thé®and 9" centiles are smaller (averaging 0.44 units) is unclear

and thereforerequires further research.

Study Limitations

This is a crossectional study and therefore makes the assumption that the contemporary young
sample of this study population is a valid proxy for their aged sample at a previous time point. This
study could tlerefore be confounded by secular changes such as intergenerational differences
reflecting changes in population characteristics as opposed teagted changes which would be

measurable in a longitudinal cohort study. An intergenerational differenceighbwas indeed
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identified within this sample. Whilst this is an expected anthropometric change associated with
aging(Wannamethee, 2006)and theeffect size of r=0.152 in this study was similar to that of r=0.2
found by a prospective study Myannamethee (2006the height difference could juss easily be

due to population characteristic differences between the older and younger age groups. Other
undetected differences may also exist, which is a common limitation of body composition centile
charts including those created by McCar#tyal. (2006; 2014). A longitudinal cohort study would be

of high logistical burden, relying upon annual measurements of a minimum sample of approximately
500 subjects, taken over several decades. The duration of such a study would likely lead to a high
attrition rate rendering this option unfeasible. The cr@estional design of the current study is a

reminder to interpret the centile reference charts with a degree of caution.

The SMMI reference curves were not validated against SMM strength assessment. Whilst thi
association has been identified in other populations, without directly assessing muscular strength of
the subjects in the current study, no firm associations can be made between age related decline in
SMM and loss of muscular strength within this referempopulation. This could have been overcome
by strength assessment via handgrip dynamometry, as this method is strongly correlated with lower
extremity SMM strength (Lauretant al., 2003) and has been positively correlated with FFM

changes as measured BIA (Dewt al., 2009). Although portable, inexpensive and time efficient,

the decision was made to not directly measure the handgrip strength of this population. This was to
avoid alienating potential participants who may have had concerns regardiirggtiiye strength,

which in turn could have led to a reduced participation rate and bias the sample, thus rendering it

less representative.

Limitations which applied to the study @hapter 3, also apply to this study in terms of body
composition analysiprotocols, whereby participants were not instructed to refrain from consuming
food or liquidsprior to analysis. Even so, other studies have successfully produced and used body
composition centile reference charts without strict measurement procedures @kbZet al.,2006;
2014).

Conclusion

These pioneering centile references offer a novel improvement upon the limitations of BMI and BF%,
especially when being applied to firefighters, who require greater levels of physical fithess and
skeletal muscle thathe general population. The Firefighter SMMI centiles indicate that whilst
firefighters generally possess more SMM, this may be declining at a faster rate than the UK general
population, even at an age when they will still be working. The FMI and WHiiRsé@mdicate a

prevalence of overfat and obesity similar to the UK general population. The references could
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therefore be utilised both as risk screening tools and individual education intervention tools to show
a firefighter their personal level of SMMd FM relative to the reference sample. This could help
motivate beneficial behaviour change and improve or maintain body composition. We plan on
collecting sufficient data from English FRSs to create a similar suite of references for female
firefighters.A coordinated national FRS surveillance approach will also yield additional date for t
new malefirefighter referenceso be further refined, which Wl further enhance their external

validity.
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Chapter 5: Development offaefighter dietary assessment tool

Overview

Until now a population specific dietary assessment tool did not exist for UK firefightdtds study

the EPINorfolk food frequency questionnaire (FFQ) was modified to retléctirefighterdietary
behavour. The resultindirefighter FFQFFFFQ amountsto aless burdensoméool whichwas then
validated against 24hr recalls within a sample of 69 firefighters. Correlations between the methods
were significantg < 0.01) for energy (r=0.42), carbohydrate (r=0.42), protein (r=0.42), fat (r=0.35),
fibre (r=0.34), saturated fatty acids (r=0.36), monounsaturated fatty acids (r=0.32), polyunsaturated
fatty acids (r=0.24, p=0.05), vitamin C (r=0.26), calcium (r=0.48)(ri0.38) and sodium (r=0.32).
BlandAltman (BA) analyses indicated good agreement between methods for energy and each
nutrient, with an average of 96% of cases falling between the limits of agreement:-{Lrartite

analysis identified a low mean raté misclassification (4.2%). In terms of reproducibility, the mean
correlation between repeat administrations was 0p/<(0.01) BA analyses also indicated good
agreement between administrations with >95% of cases falling between the BA limits of agreement
indicating good precisiothe FFFFQ demonstrated sufficiemalidity for its primary uses as both a
screening tool to indicate high/low intakes of certain foods, and as a method for measuring dietary

changes elicited by an intervention.

5.1. Introduction

There is a strong and ever growing evidence base identifying associations between dietary behaviour
and norcommunicable diseag@&obertsandBarnard, 2005Kant, 2010)rendering the act of

dietary assessment a crucial step toward improving public health outc@Ria&owsket al., 2010;
Beechyet al,, 2012) Methods of assessing diet are utilised to assess both habitual long term and
shorter term consumption, and are therefore necessary tools in dietary intervention trials and
epidemiological investigain, to help identify associations between dietary behavior and health
outcomes in clinical and population settin@sin, Howe and Rohan, 1996; Fialkowslkl.,, 2010)

Food frequency questionnaires (FFQ), 24hr recalls, and food diaries are the traditional dietary
FaaSaaySyid G22fta | GAnbRECrud, RG0S Thmpkedal,RG10) Robdi LJ2 & | f
diaries involve respondents prospectively recording their dietary intake over several consecutive

days which often ranges from three to seven d@yatishauser, 200524hr recalls are administered
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by an interviewer asking the respondent to recall all food and beveragasumed over the
preceding 24hr houréThompsoret al,, 2010) An FFQ requires the respondent to choose their
average intake frequency from a predeterminiéed of food items. This is retrospective and typically

covers the preceding six or twelve monififiompsoret al,, 2010)

Strengths and limitations of diffent dietary assessment methods

Multiple pass 24hr recalls (See methods for description) can be administered with minimal training
in a short time period. The strengths include minimal burden placed upon the respondent, and likely
increased accuracy of @ite due to recent memory recall (Block, 1982). By virtue of the

retrospective nature of 24hr recalls, they are free of reactivity bias (modified intake in reaction to a
prospective dietary assessment method). They also attempt to minimise underrepoditigevi
multi-pass administration protocol. As suittey have been considered as the dietary assessment
method of choice for assessing dietary change in obesity. A limitation of this method is that it fails to
capture the daily variation in individual diets, thus reducing its ability to reflect habitual diet
(Bingham, 1997)This limitation is reducedpon multiple norconsecutive days being recorded
(Tuckeret al,, 2013).

The multiday weighed food diary is generally considered to give a more accurate estimation of
habitual diet (Block, 1982), as everything consumed is weighed and recorded by tibgpaat. This
places more burden on the participant, and attracts a smaller, unrepresentative sample, thus
rendering it impractical for large scale studies (Block, 1982hough considered as the gold
standard for validating other dietary assessmentlgog.ivingstone and Black, 2003), comparisons

are limited for estimating validity, as all dietary assessment tools generate error (Bingham, 1987).

FFQs are retrospective dietary assessment tools which typically require the participant to have good
memory,as they are asked their usual consumption over the preceding six or twelve months
(Thompsoret al,, 2010) They are the only dietary assessment method teeasshe overall diet as
opposed to other methods that are limited to dietary assessment over several individual days, thus
being unable to truly capture high levels of infralividual daily/seasonal variation in dietary

behavior (Kristaét al, 1992). Utike 24hr recalls and food diaries, FFQs are can therefore record
longerterm intake in just a single administration, whilst placing minimal burden on the respondent
(Krcke et al,, 1999) The limitations of FFQs have been well established and are reviewed in depth
elsewhere (Buyers, 2001). Briefly, they often rely upon portion size conceptualisation rather than
recording accurate portion sizeSor longer than sixty fesyears, portion size conceptualisation has
been acknowledged as a source of error in studies quantifying dietary i(WRE 2017).

Participants completing senguantitative FFQs often find it difficult to relate their intake to pre
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defined reference serving siz@sriedenreich, Slimani and Riboli, 19925Qs are regularly reported
to suffer from greater measurement error in terms of misreporting of absolute dietary intakes
(Binghamet al., 1994), with this error being exacerbated with shorter leasprehensive FFQs (US
Institute of Medicine, 2002). They can however provide a good indication of diet g(@lighorret

al., 2016)and have shown acceptable validity for ranking dietary intakes, provided they are
strategically developed and validatevithin the population for which they are intended. They are
also the least expensive option for large studies, hence they are the most widely utilised @tucker
al., 2013).

Cleghorret al.(2016) suggested there to be a need for the development of déwdietary

assessment tools that are sealfiministered, easy to complete, simple to analyse and interpret, and

GKAOK OF LI dzNB F RSIjdzZt §S RSGFAE | LILINRBLINA LGS F2NJ LE
purpose is to provide a good indication aéthry behavior, and is not seeking to accurately assess

absolute intakes, short FFQs can be sufficient if they measure dietary intake to the accuracy required
(Cumminget al,, 1987) In reference to a study Rietinenet al.(1988a; 198&) which compared a

44-item FFQ with a 278em FFQ, Willet (1998) suggested there to be a rapidly diminishing marginal

gain in information obtained from increasingly detailed FFQs. Thus, there seems to be a useful

balance to be found between including adedg@ detail in an FFQ to minimise measurement error,

whilst keeping it short enough to reduce participant burden.

Whilst FFQs are commonly used in epidemiological studies, there is debate whether they are a
sensitive enough tool for the detection of impartt dietdisease relationshipéristal, Peters and

Potter, 2005; Freedmaet al,, 2006) They are also used within prospective studies to evaluate the
effectiveness of interventions which aim to change diet, as well as acting as useful screening tools to
identify low and high consumers of certain fod@adeet al., 2002) This was demonstrated in a

recent fire stationbased dietary intervention pilot triddy Lessons and Bhakta (2018), who utilised

an FFQ to assess dietary changes, and also as an effective qualitative indicator of diet, highlighting
potential dietary issues which elicited the appropriate individual nutritional recommendations to be

conveyedo each participant by a registered nutritionist.

A common problem which impairs accuracy of all dietary assessment methods is the phenomenon of

misreporting.

Misreporting

A ubiquitous problem associated with sedfported dietary data is the understimation of food and

nutrient consumption which results in intake inaccuracies (Black, 2000). Aanatgsis of seven UK
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studies produced evidence of subject biases from weighed food diaries, and also from other dietary
assessment methods (Black and Col)1). An association has been established between
bodyweight status (bodyweight and BMI) and the magnitude of underreporting in studies including a
range of body sizes (Johnsenal., 1994; Johnsoat al., 1998). A systematic review of energy

balance stuis by Livingstone and Black (2003) found that the most robust finding in most of the
studies (22 out of 25) was a positive correlation between high BMI and reporting low intakes.
Goldberget al. (1991) developed a formula to identify undexporters, expressed as a ratio of

energy intake to basal metabolic rate. Misreporting can be attributed to a multitude of factors
including the modification of usual dietary intake, portion size conceptu@isg@roblems, memory
issues and subject fatigue (Relatal., 1998; Lillegaardt al., 2007). Worslegt al. (1984) found

that selfpresentation by socially desirable reporting correlated positively to fruit and vegetable

consumption and negatively to fdgs high in fat.
Validation

The validation of an FFQ is essential to assess whether it is measuring what it was designed to
YSIF&adaNBEsE 2N 02 FaaSaa GKS tS@St 2F FaINBSYSyi
methods(Cadeet al., 2002) The reference method of multiple 24hr recalls is considered an
acceptalbe method, with a review of FFQ validation studieJaygleet al. (2002)finding that 50

(22%) of the studies reviewed used 24hr recalls as the reference measure. There is varying opinion
regarding what constitutes a representative number of recalls to be collected. A stlRlebijceet

al., (2011)found three 24hr realls to yield suitable consumption estimates. This is consistent with a
review byJohnson (2002)¢ho recommended a minimum of three 24hr reltgincluding one

weekend day, because analysis of the UK National Diet and Nutrition Surveys has shown dietary
behaviour to alter at weekends (MRC, 2017). WRitdtnson (2002uggested 24hr recalls to be the
most appropriate method of assessing dietary behaviour in obese subjects, it is important to
understand that this is only assessing relative validity against another imperfect diesagsasent
method, comparing it with an alternative, but not necessarily more accurate method. The relative
validation study can therefore merely indicate whether the two methods give related answers and
the extent to which they agree with orenother(Cadeet al., 2002) Using 24hr recalls as a

reference method in a \fi@ation study also benefits from reducing participant burden and gives
increased intake precision via recent memory recall (Block, 1982). This method does not suffer from
the bias of modified intakéeactivity biaswhich is associated with other methods such as weighed

food diaries (Black and Cole, 2001).
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Pioneering research by Lessons and Bhakta (2018), was the first study to investigate the dietary
behavior of UK firefighters. This successfully utilised the-B@iGlk food frequency questionnaire
(FFQ) (Binghamt al., 2001)in a pilot trial on a small sample of London firefighters. They found the
FFQ to be able to detect significant levels of dietary behsmlahange when administered pre and
post dietary intevention, which was supported by accompanying body composition changes.
However participant feedback identified it as burdensome. Furthermore, it was validated for a

different population group, therefore its validity for assessing firefighter diets inonk.

Study objectives

To develop the first FFQ for UK firefighters, giving careful consideration to finding the balance
between sufficient comprehensiveness and minimal participant burden. The relative validity of the
newly developed dietary assessmenbt was then tested against the reference method of three
multi-pass 24hr recalls. The reproducibility of the tool was also tested to evaluate its precision and

usefulness for a dietary intervention study.

5.2.Materials and Methods

FFFFQdevelopment

The firefighter FFQ (FF-Q) was designed for dietary assessment within a fire staaised dietary
intervention programmeFire stations can be characterised as time poor environments, with
activities such as mealtimes, physieaércise, fire safety inspections and skills training scheduled
into each shift. Dietary assessment in this environment therefore needs to strike the balance
between sufficient comprehensiveness and minimal burden, and further justifies the choice of
dietary assessment methodhe FA-FQ is based upon the comprehensive and thoroughly validated
EPI&Norfolk FFQ (Binghast al., 2001) $ee appendi®.1). This was used effectively in a pilot trial

by Lessons and Bhakta (2018) within the target demographi@dttherefore deemed as a good

starting point to select food items for the HFQ.

Validated for the diverse population groups living in the UK, the-BBHolk FFQ was based upon

'y CCv dzaSR Ay (KS (Wilettet &,d285 1988 Mvhidh &vas inddKied foli dzR &
reflect British dietary intakeBetween 1988 and 1990, this was validated against the gold standard
reference methods of the sixteetiay weighed food diary and biomarkers on a sample of 160 female

adults residing in Cambridge England, aged between 45 and 75(B&agsam, 1997)
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both be obtained from the FFQ. The questionnaire is apa, ternrpage document, with part 1

displaying a list of 130 food items. Respondents are asked their usual rate of consumption by

checkinghe appropriate frequency box for each food item. The nine frequency options range from
WhbSOSNI 2N 6BAVIKAlI y2 2YHBE GAYSE LISNI RF&Qd { SNDAY
servings or units (e.g. one apple, one slice of bread) or houseteddures (e.g. cup, teaspoon). The

FFQ uses average serving sizes for each food item. Part two of the FFQ asks for breakfast cereal

choice and brand; the type of fat used for grilling/baking, roasting, frying; and the amount of visible

fat around meat thaistypically consumed. These questions are linked with pertinent items from

part one in order to assist breakfast cereal classification and to quantify intake of fatty acids and

total fat. Type of milk and the amount is also asked for in this section.

Bebrethe Epid 2 NF2f 1 CCv O2dZA R 0S8 Y2RAFTASR (2 Y2NB aLls
dietary behavior, the Initial step involved administration of the BRd@olk FFQo a sample of 150

¢ 200LFB firefightersA sample of this size was deemed to be representative of the wider firefighter
population. Fourteen LFB fire stations in the North East area of London were selected from which to
recruit participants. An even spread of urban and suburban stations weealto further ensure

external validity. In June 2019, the fourteen fire stations were visited by the researcher following
approval from both the LF@ppendix 2.1and the London Metropolitan University School of Human
Sciences ethics committdappendix2.2). Participants were recruited following a verbal explanation

of the research to each team of firefighters. Firefighters were included if they wertnfigll

operational staff who worked both day and night duties (shift workers). Exclusion criteriacppl

part-time firefighters who only worked day duties, because shift work and the associated sleep
deprivation has been associated with altered food choice (Nedeltcaeab, 2009). As the HFH-Q

was being designed to capture the dietary behaviomdiftime operational firefighters, tase

exclusion criteria wre justified, and applied to 8% of the potential samplen€5). Two eligible

firefighters decided not to participate. Written informed signed consent was obtained from 180
participants who eaclbompleted one papebased EPHSorfolk FFQ. These were completed

confidentially in fire station conference rooms following a brief explanation from the researcher of

how to complete the FFQ as accurately as possible. To aid participant portion sizetaalisajon

(in an attempt to optimise accurate responses), a PowerPoint slide was presented on the conference
room training screen. This showed a comprehensive list of foods contained within the FFQ described
a4 WYSRAdzY &SNIIAyY 3 Q fionlsigeR whichkKcdnstiupet ANdediud2sghing (See  LJ2 NJ
appendix5.2). Although detailed portion sizes were described on the FFQ for some foods, for the
T22R A08SYa RSAONAOGSR a WYSRAdzY aSNBAy3IQ GKS LI N
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list onthe screen, and modify their food frequency choices to suit their personal portion sizes e.qg. if
they consumed eight small roast potatoes instead of the medium serving of four, then they should

state that they eat roast potatoes twice as regularly.

Sociadesirability bias (Worslegt al., 1984) was anticipated from an occupational group whose
stereotypical image is that of being lean, fit and healthy (Haddock, Poston and Jahnke, 2011),
therefore, in a proactive effort to minimise this, care was takene@ssure participants that all
information shared with the researcher would remain confidential, and the point was stressed that
they would not be judged and there would be no repercussions from their responses. They were also
encouraged to complete thei®) independently so to minimise misreporting caused by social

desirability bias toward each other.

Each FFQ was then screened by the researcher, and participants who had completed any sections
incorrectly were then confidentially asked if they could dlatie relevant anomalyThis technique

was found to be an effective way to minimise mistakes in a studyshghideet al.,, (1999) A review

by Caaret al.(1999)found that using a nutritionist to screen for accurate entries on a self

administered FFQ improved agreement with the reference method.

FFQ Modificatiom part 1

The FAFQ was designed to fulfill the primary functions of (i) a screening tool ttifidaigh and

low intakes of foods which relate to public health messages, and (ii) for use in a dietary intervention
study to detect dietary changes. As an accurate measurement of absolute energy and nutrient intake
was not a primary concern, the compraaiwas made to reduce the number of foods included so to
reduce burden in a time poor environment with participants whose motivation levels were largely
unknown. A shorter FFQ is justified as long as it measures dietary intake to the accuracy level for
which it is requiredCummingt al,, 1987) Another consideration conbuting to the chosen

length of the FAFFQ was the synchronised administration of a lifestyle and physical activity
guestionnaire. This amounted to a little under two A4 sides of paper, and was factored into the

decision making process, as suggesteageet al.(2002)in a review of FFQ validation studies.

Firstly, pages 1 and 2 of the EfN@folk FFQ were discarded. These contained instructions directing

how to complete the FFQ. This was deemed unnecessary due to a) the researcher being present to
instruct participants, anth) each page featuring intrinsic prompts. The main grid (part 1) of the EPIC
b2NF2f]1 CCv gla GKSY Y2RAFASR (2 Y2NB aLISOATAOI f
via a process of eliminating food items which were rarely consumed, and imgligbds which are

not featured inthe EPlB 2 NF2f 1 CCv o0dzi 6SNB O2YY2yfeé& NBLIZ2NISF
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Table5.1 displays the results of statistically ranking fbed choice frequencies of the 180

firefighters.

Table5.1. Mean intake frequency and corresponding rankings of 130Nmifolk FFQ food items, as reported
by 180 LFB firefighters.

EPI&Norfolk FFQ Mean intake EPI&Norfolk FFQ Mean intake
food item frequency Rank food item frequency Rank
TEA 5.92 1 FIZZY_DRINKS 2.07 66
INSTANT_COFFEE 5.03 2 COLESLAW 2.05 67
CHICKEN 4.13 3 LOWFAT_YOGURT 2.04 68
EGGS 3.89 4 READYMADE_CAKE 1.99 69
BANANAS 3.87 5 AVOCADO 1.97 70
ONIONS 3.83 6 BROWN_RICE 1.94 71
CARROTS 3.75 7 READYMADE_BUNS 1.94 71
CHOCOLATE_BISCUIT 3.65 8 HOMEBAKED_CAKE 1.93 73
FRUIT_SQUASH 3.63 9 PORK 1.90 74
BROCCOLI 3.55 10 PEARS 1.87 75
TOMATOES 3.55 11 BURGER 1.86 76
APPLES 3.54 12 PI1ZZA 1.85 77
GREEN_SALAD 3.54 13 SPROUTS 1.84 78
GARLIC 3.47 14 SPIRITS 1.84 79
PEPPERS 3.34 15 PARSNIPS 1.83 80
BUTTER 3.32 16 LAMB 1.81 81
MUSHROOMS 3.25 17 SAVOURY_PIES 1.78 82
CRISPS 3.22 18 LEEKS 1.75 83
BEER 3.21 19 FULLFAT_YOGURT 1.72 84
WHOLEMEAL_BREAD 3.21 20 MARROW 1.69 85
WHITE_BREAD 3.15 21 WHOLEMEAL_PASTA 1.69 86
ORANGES 3.13 22 VEGETABLE_SOUP 1.69 86
CHEESE 3.02 23 OTHER_DRESSING 1.68 88
CEREAL 2.99 24 MELONS 1.68 88
PORRIDGE 2.97 25 FRIED_FISH 1.66 90
BOILED_POTATOES 2.97 25 OTHER_MARGARINE 1.66 91
CHOCOLATE_BARS 2.97 25 BEANSPROUTS 1.66 91
SUGAR 2.95 28 MARMITE 1.65 93
BROWN_BREAD 291 29 HOMEBAKED_BUNS 1.64 94
PEAS 2.88 30 LOWCAL_SALAD_CREAM 1.61 95
SPINACH 2.87 31 PEACHES 1.61 95
FRUIT_JUICE 2.86 32 LASAGNE 1.59 97
KETCHUP 2.82 33 LENTILS 1.59 97
BEEF 2.82 34 CRACKERS 1.56 99
NUTS 2.82 35 SINGLE_CREAM 1.55 100
BEANS 2.80 36 SHELLFISH 1.54 101
WHITE_RICE 2.80 37 CRISPBREAD 1.52 102
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CHOCOLATES 2.78 38 DAIRY_DESSERT 1.52 102
STRAWBERRIES 2.76 39 FISH_FINGERS 1.49 104
WHITE_PASTA 2.73 40 DECAFF_COFFEE 1.48 105
GRAPES 2.70 41 WATERCRESS 1.48 105
PLAIN_BISCUIT 2.70 42 MILK_PUDDINGS 1.45 107
OILY_FISH 2.69 43 FRENCH_DRESSING 1.44 108
SALAD_CREAM 2.63 44 READYMADE_FRUIT_PIES 1.44 108
SWEETCORN 2.61 45 MEAT_SOUP 1.44 108
CHIPS 2.52 46 COFFEE_WHITENER 1.42 111
BACON 2.50 47 GRAPEFRUIT 1.42 111
WINE 2.50 47 COTTAGE_CHEESE 1.41 113
LOWCAL_FIZZY_DRINKS 2.50 47 POTATO_SALAD 1.39 114
GREEN_BEANS 2.49 50 HARD_MARGARINE 1.39 114
HAM 2.47 51 HOMEBAKED_FRUIT_PIES 1.38 116
CABBAGE 241 52 CORNED_BEEF 1.32 117
SAUCES 2.40 53 COCOA 1.32 117
ROAST_POTATOES 2.40 54 DOUBLE_CREAM 1.30 119
POLYUNSAT_MARGARINE 2.39 55 READYMADE_SPONGE 1.30 119
SAUSAGES 2.36 56 LOWFAT_SPREAD 1.30 121
PEANUT_BUTTER 2.32 57 QUICHE 1.26 122
ICE_CREAM 2.30 58 HOMEBAKED_SPONGE 1.23 123
JAM 2.28 59 TINNED_FRUIT 1.21 124
CAULIFLOWER 2.22 60 VERY_LOWFAT_SPREAD 1.20 125
PICKLES 2.15 61 LIVER 1.20 126
WHITE_FISH 2.13 62 TOFU 1.16 127
DRIED_FRUIT 2.13 63 PORT 1.12 128
SWEETS 2.11 64 ROE 1.08 129
BEETROOT 2.07 65 HORLICKS 1.08 129

Mean intake frequencies derived from 180 FFQs. FFQ frequency options were: 1 = Nevethanless
once/month; 2 = 13 per month; 3 = Once a week; 4 4 per week; 5 =B per week; 6 = Once a day; 7-3 2
per day; 8 =4 per day; 9 = 6+ per day. Items in red were not incorporated into tHeHE}:

For a food item to either differentiate between individuals or to contribute toward absolute intake,
it must be consumed reasonably regularly by an appreciable proportion of the population€Cade
al., 2002). All food items with a mean intake frequencl.5 equated to a rounded average intake of
WySGOSNI 2NJ t Saa GKEy 2y 0S«k Y-affyvér&admatichlly exdluiledl Y a
from the FFFFQ. Therefor@able5.1 shows that the vast majority of the excluded food items were
simply the lowestanked (and therefore the least frequently reported). Exceptions to this rule were
applied to brown bread, hombaked buns and crispbread, which were also excluded to overcome
confusion with similar options, an issue which became apparent during scremmingesponse
clarification of the 180 completed EPNorfolk FFQs. Brown and wholemeal bread were confused

with one-another, with firefighters choosing brown bread, but when questioned further, it
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transpired that they were consuming wholemeal bread. Téraes issue applied to hordgaked buns
being confused with readymade buns, and crispbread being confused with crackers. A total of thirty

food items (23% of the options) were excluded from the part one of the FFQ.

Part two modifications

A question in the semd part of the Epib 2 NF2f { CCv SYPOKSRIDISHHBRERZ 2F | Y
y2G AyOf dzZRSR A ¥ (KK SlASFRERAMNILI complées EPUGrfolk FFQs

GSNBE FyrfteaSRe® | 2dzR3S ¥ 8§ KiSoN&ds fepoMdd Rapiently ertoiigh y 2 & A y =
G2 6F NNyl AyOfdzarazy Ay GKS Y2RAFTASR YIAYy 3INARZ
(sweet potato) only appearing on four of the 180 FFQs. It was therefore deemed sufficient to allow

GKS WIye 20§KSN T22R afthe fFGzSaicdpiue shesé fdodd whdr repoitedl inS y R

the future. The exception to this was takeaway foods, as these appeared on 32% of the 180 EPIC

CCva AY W20KSNJ F22RaQd 5dz8 (2 (KAa KAIK FNBIdsSy(
health (Public Halth England, 2016) G KS RSOA&aA2y ¢l a YIRS (2 AyOf dzR
@2dz SIFG dr1Srélre F22RazX S3Ad / dINNEBI / KAySasSs LATI

Less than once per weekgB times per week; 4 6 times per week; 8ily.

Question5onpage 9ofthe ERI@ N¥ 2f 1 CCv gl a FooNBGAIFIGSR (2Y WL
OSNBIf 2GKSNJ 0KFy LER2NNARISKkwSIFRe . NB1X oKAOK (el
dzy y SOS&aal NAt & |alAy3a WA T Qforéhkfs das veehadzremdvigg el G | 0 NE
jdzSatiAz2y 2F WgKAOK ONIYRQ® ¢KAA NBY2QIt ¢l & 2dzi
suggesting that knowing the brand of a particular breakfast cereal does not improve vaNdlgtt

et al, 1988) Questions 8 and 9 on page 10 of the ERd@olk FFQ were discarded. They referred to

frequency of fried fooddonsumption at home and away from home respectively. They were deemed
unnecessary because, with the widespread use of low energy spray oils asticlooookware not

requiring much cooking oil, frying was not necessarily an unhealthy mode of cookirgidQee 1

and 12 were also discarded. They referred to frequency of grilled/roast meat consumption, and how

well cooked the meat was, respectively. These questions were included in thiN&fdE& FFQ to

test dietdisease associatior{fBingham, 1997)As the FHFFQ is not intended for epidemidgical

purposes, these questions were removed. Question 16 refers to fruit and vegetable intake. This is

repeated, as fruit and vegetable intake is assessed in a different way in part one, and was therefore
removed to reduce participant burden. Question\ds retained but simplified into a less

burdensome table for the participant to list dietary supplement usage.

Substantially reducing the main grid of the ERIEZfolk FFQ by 23%, along with shortening the

second part, and removing the cover & instructjpege, reduced it from a tepage document down
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to six pages. The balance between comprehensiveness and participant burden was carefully
considered, guiding all aforementioned decisions. Subsequentgsting of the modified

guestionnaire suggested thatighbalance was indeed found.

Adaption of longer FFQs into shorter versions andal@ation is a method of FFQ development

practiced by previous researchgBlock, Hartman and Naughton, 1990; Brown and Griebler, 1993;
Cleghorret al,, 2016; Brediret al,, 2020) Indeed, a review ofFQ validation studies showed that

45% of the studies conducted between 1980 and 1999 used modified versions of previously

developed FFQs (Cadeal.,, 2004) Cadeet al.(2002)outlined certain considerations to be taken

into account when choosing a template FFQ to modifyt Bfrall is to ascertain the original purpose

of the FFQ. The EPNDrfolk FFQ was intended for use in epidemiological study (Bingtain

MPpPTO P {2YS 2F GKS ljdzSadAizya Ay LINL (g2 2F GKS
pSttf O221SR RAR @&2dz dzadzrtte& KIF@S INAREESR 2N NRI 3
associated with diseag&vendsert al,, 2012) therefore this, along with other questions were

discarded if they did not fulfil the purposes of theHFQ. Secondly, the original tatgpopulation

demographic characteristics need to be considered. In this case they were ragietieto elderly

English people, which, in terms of types of food choice, is not dissimilar to those consumed by

9y 3Ift AaK TFTANBTFAIKIGSNE2AE Ray Ijf eSIEATEA 2yTONGANSTFQE ¢fid &l K21 KvoyN
not identify any missing foods regularly enough to suggest that it was outdated and lacking in

modern food options, despite the questionnaire originally being created in 1988. This therefore

suggests thiathe FFQ is not oubf-date, which is the third consideration. The ENiorfolk FFQ was

thus a carefully considered and justifiable template to modify into th&F@.

General modifications

Aesthetic design

Researcher screening of the 180 completed EIlk FFQs followed by subsequent discussion
with respondents helped to clarify mistakes in terms of frequency options sometimes being
unintentionally checked within unintended rows. Participant feedback identified the design of the
FFQ to be the issue using the mistakes. The general consensus was that it was difficult to visually
differentiate between rows due to the uniform colour. An attempt to mitigate this issue was made

by simply alternating the colour of each row.

Food groups, frequency of intald reference period

Foods were grouped together in a logical and comprehensible manner, following the same sequence

as the EPBlorfolk FFQ. To further enhance the clustering of traditional food groups, a modification
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was decided upon to group fruit anekgetables together on the same page, thus fitting more closely

gAGK GKS GFNBSG RSY23INI LIKAOQa O2y OSLIidzf FNI YSg?
assembling FFQ food lists, as outlined by Gadd (2002). The ERPNbrfolk FFQ nine intake

frequency options were left unchanged so to allow respondents adequate choice. This also enabled

data to be analysed by the accompanying dietary analysis software (see s&gjion

As one of the purposes of thedFQ was to be used in a dietary interventibudy, being able to

capture shorter term changes requires asking participants their average intakes over a briefer period
than the time frame instructed by the EPNorfolk FFQ. Three months was chosen as the reference
period, partly due to the intervemdn study design. This also reduces burden on the participant due

to requiring more recent memory recall, as they will only have to think back over the last quarter of
a year, as opposed to the whole year, which is the BRIfIk reference period. Thenfal version of

the FFFFQ amounted to 100 food items in part 1 of the questionnaire (reduced from 130), followed
by a further 12 questions (reduced from 24) in part 2 (see appeéndjxThis was then successfully
pretested on a focus group of nine firefighters, who found it understandable and acceptable in terms
of reduced burden compared with the ERNIGrfolk FFQ. The focus groupHFQs were then used to

test run the dietary analyssoftware programme, with the nutrient outputs being subsequently

checked by the researcher for mistakes.

Study design and sample

The FA-FQ was tested for validity and reproducibility in two separate studies sisitilgirsample
groups. The two studies we conducted at five LFB fire stations which had also been selected to
serve as the control group for a dietary intervention stusigeChapter 7). The control group

stations were selected for inclusion within these studies as it was hypothesised thav#neyess
likely to alter their diet over the study period, compared with the intervention group stations. The

fire stations were: East Ham, Edmonton, Enfield, Hornsey and Tottenham.
Ethics

The studesreceivedethicalapproval from the London Metropoéih University School of Human
Sciences ethics committe8¢eChapter 2for detailg, and were conducted between June and

December 2019 during day duties.

Reproducibility study

Firefighters (=126) were recruited at the five LFB fire stations. Eligible participantsiifiel
operational firefighters) were handed a pageased FFFFQ in the fire station conference room at

the beginning of the study. After a brief explanation of how to complleéequestionnaire,
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participant attention was guided toward a screen showing medium serving sizes relevant te the FF
FFQ (see appendix2). Once completed, the researcher met with each participant individually to
check the FIFFQ for any mistakes which weehen corrected together. The same process was

repeated four months later, yielding a total of two completed papeFFRs from each participant.

Validation study

Firefighters 1=104) were recruited at four of the five LFB fire stations. The same prazeduhe
reproducibility study (see above) was carried out, with the addition of a fpalts 24hr recall
(Guentheret al,, 1996)being collected from each participaduring the initial engagement
immediately after checking their FFQ for mistakes. The multigbass 24hr recall methodas
developed by the USA Department of Agriculture to reduce the effect of underreporting that is
inherent of selreported dietary intakGuentheret al,, 1996) It is a staged interview, osistingof
FAGLS LI aasSa oaitSLBAL gKAOK asSsSia G2 OFLIWidNB GKS
researcher to transcribe a quick list of foods and beverages consumed the previous day. The
interviewer then probes for any forgotten foods. Therthstep is to record eating occasion and time
for each food. Then a cycle of more detailed information is recorded including cooking methods,
condiments, food brands, amounts and so on. A fifth final probe is then conducted to check if

anything else was csumed.

This yielded a total cdt least one=FFFQ andt least one24hr recall from each participantwo
more 24hr recakb were collectedat follow-up station visits in the initidbur-month period by the
researcher visiting the statioor by telephor for participants for whom a third 24hr recall was not

obtainable in personOne of the three 24hr recalls recorded dietary intake on a weekend day.

Anthropometry

Participant weight and height were measured to ascertain potential participant anthropme

mean differences between stationsleasurement protocols are described@hapter 2.

Underreporters

To identify participants reporting unfeasibly low energy intakes, the Henry equation was used to
predict individual basal metabolic rate (BMRenry, 2005)This was then multiplied by 1.1 to
calculate estimated individual minimum energy requirements for each participant (E{GBRberg

et al, 1991). Participants reporting energy intakes below their EmER were considered to be under
reporting. TheGoldberg cubff of 1.1 was chosen because it identifies approximately 75% of under

reporters (MRC, 2017).
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Dietary analysis

PrintedFFFFQs were coded utilising the specified format template for the-EBBiolk FFQ

0! YAOPSNREAGE 2F /I YONARRIAST Hnun0X gAGK mQa 20l
from the main grid of the EPAorfolk FFQ in the development of the-HFQ. The coded FH-Qs

were then processed utilising FETA dietary analysis software (Muttigdan2014) which is

described irthapter 2.

The 24hr recall dietary intake data was processed using Nutritics dietary analysis software (Nutritics,
2019) which is described iGhapter 2.Thenutrient outputs from thethree 24hr recalls were

averaged to generate a mean daily nutritional intake for each particifdms study did not include
dietary supplement intake in the analyses. The nutrients which weresked on in both studies

included energy, carbohydrate, protein, fat, saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA), fibre {stanch polysaccharides), sodium, iron,

calcium and vitamin C. The microrignts were chosen based upon their relevance to health and

associated public health messages.

Statistical analyses

Data were imported into IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, N.Y.,

USA). The distribution of all continuous data was checked for normality. Means and corresponding
standard deviations (SD) were used to express normally distdodega, and parametric tests were

applied. Medians and interquartile ranges (IQR) were used to expressararally distributed data,

and nonparametric tests were applied. Outliers were identified via visual assessment of box plots

before the checking afaw data for collection and/or transcription errors. Descriptive statistics were
O2YLJzi SR 2 RSAONAROGS LISNIAYSYyld OKFNIOGSNRAGAOA 2
assess the variance of participant age, weight and BMI:MZnyleANOVAS were thaised to

investigate differences between fire stations in age, weight and BMI. For the reproducibility study,

all nutrient intakes were calculated as dian with correspondingnterquartile rangs (QR. The

same applied for the validation study, except €arbohydrate, fibre, sodium, iron and calcium

GKAOK $SNB OFfOdz I iSR Fa YSIY 6{50d C2NJ G§KS NI LN
coefficients and accompanying scatter plots were generated to assess the association between the

first and second FFFQ for energy and each nutrient of interest. For the Validation study,
{LISENXYIYyQa O2NNBfl A2y O2STFFAOASYyGa 6SNBE ISYSNI
dietary assessment methods for energy, protein, fat, SFA, MUFA, PUFA and vitamin C(P&arson

correlation coefficientsvere generated to assess the association between the two methods for

carbohydrate, fibre, sodium, iron and calcium. All nutrient intakes were adjusted for total energy
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intake using the nutrient density model, expressing carboatedand protein as percentages of total
energy, and expressing all other nutrients as intake per 100QW4hétt, Howe and Kushi, 1997)

An alpha value gb < 0.05 was used to detect significance.

The unadjusted energy and nutrient intakes were grouped into quartiles for each method to
estimate the perentage of firefighters crosslassified into the same quartile, the same and adjacent
quartiles, and extreme oppositeSand 4") quartiles. The predictive capacity of age, BMI and WHtR

on low energy intake reporting was investigated using a binarytiogegression model.

Bland and Altman analyses were undertaken for energy and each nutrient to investigate biases and
assess the limits of agreement between the first and secoAdHeF-in the reproducibility study, and
between the FFFFQ and 24mecall in the validation study. In the reproducibility study, for energy
and each nutrient, the differences between the means of the first and secoftFOR T FFFFQ 2"
FFFFQ) were plotted against the mean of the first and secofdF©H (1 FFFFQ 2 FFFFQ)/2].
Judgements on precision of the-FFQ were based upon a mean of > 95% of data plots falling within
the limits of agreement (mean % 2SD). In the validation study, for energy and each nutrient, the
differences between the means of the-FFQ ad the 24hr recall (FFFFEQ4hr recall) were plotted
against the mean of the two methods [FFFFQ + 24hr recall)/2]. Following each Bland and Altman
analysis, simple linear regression was performed to indicate proportional bias between the-two FF
FFQs in tb reproducibility study, and between the two methods in the validation study. An alpha

value ofp < 0.05 was used to indicate significant proportional bias.

5.3.Results

Study population (Phase 1)

The initial phase of the study involved the recruitment of firefighters to complete oneN&stfGlk

FFQ each. Of 187 firefighters invited to participate, 185 agreed, and five were excluded due to being
day duty workers. Anthropometric and demographic @weristics of the final study sample are
displayed inTable5.2. They were similar to the 2019 English national fire service average statistics

for age (England: 41y, this study: 39.3 y), female firefighters (England: 6.4%, this study: 5%), ethnic
minority firefighters (England: 4.3%, this study: 5.6%) (Home Office, 2019). The mean BMI of 27.6 for
this study sample is identical to the 2018 LFB average frontline firefighter (statistic provided by the

LFB occupational health service).
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Table5.2: Demograhic and anthropometric statistias the n=180 firefighters who completed one
EPI&orfolk FFQ

Characteristic Total f=180)
Male / Female n (%) 171 (95)/9 (5)
Ethnic minorities n (%) 10 (5.6)

Age (y) (SD) 39.3 (8.9)

BMI (kg/n¥) (SD) 27.6(3.6)

Abbreviation: BMI, body mass index

Validation Study

Study population

Between June and December 2019, a total of 104 participants foanlfB fire stations were
screened to participate in this study, with 102 eligible for inclusion. 2 particspaate excluded due
to not working night duties (day workers). 69 participants finished the study by compédtlagst

one FFFFQ and three mufpass 24hr recalls within a fivaonth period. The remaining 33
participants completd < three 24hr recallsThis was because they were not presentsoinsequent
studydays. Reasons for this inclugdtending an emergency inciderieing on leave, training course
attendance, temporary detachment to a different fire station, sickness absence, transfer to another
fire station or retirement. The final dataset for the validation study comprised 69 participants as
illustrated inAgure5.1. Each participant was posted at one of four LFB fire stations, two of which
are classed as inneity (urban), and the other two lieg more suburban. There were varying
participant numbers from each station (urban stations26, 4; suburbam=30, 9).There were no
significant differences between stations in age, weight or BV ©.05).Table5.3 displays
demographic and anthropontiec characteristics of the study sample, which comprised mainly men
(94%), which is representative of the UK fire senitenfe Office, 2019)
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Firefighters screened
(n=104)

( Ineligible
L Nonshift workers(n=2)

Eligiblefirefighters
(n=102)

( Unavailable at followup
(n=33)

Final data set
(n=69)

( )

FFFFQ administered
(n=69)

3 x 24hr recalls
collected (=69)

Figureb.1. Participant flow through the validation study.-FFQ: firefighter food frequency
guestionnaire.

Table5.3. Demographic and anthropometric characteristics

Characteristic Total (1=69)
Male / Female n (%) 65 (94.2) / 4 (5.8)
Ethnic minorities n (%) 6 (8.6)

Age (V) 38.7 (8.2)

Years served (%) 13 (10)

Height (mj} 1.78 (0.08)
Weight (kg) 85.5 (12.2)

BMI (kg/n¥)? 26.9 (2.7)

WHIR (WC/Height cri) 0.5 (0.08)

Values presented as number of participants (% of samplé&nean (SD) otmedian (interquartile range).
Abbreviations: BMI, body mass index; WC, waist circumference; WHtR, waist to height ratio.

Nutrient intake comparisons between the-FFQ and 24hr red

Table5.4 displays average energy and nutrient intakes. This indicates widespread underreporting, as

energy intake reported by HFFQ was an average of 14% below estimated minimum requirements,
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compared with the average energy intake measured by 2dtalt being 13% above the minimum
requirement. Upon further investigation, 72% of the sample 60) had reported energy intakes
below this level as measured by-FFQ. This equated to 72% of the mates @7), and 75% of the
females (= 3). In compari@n, prevalence of underreporting was approximately half as frequent by
24hr recall, with 35% of the sample < 24) reporting energy intakes below the estimated minimum

requirement. This equated to 35% of the males-(23), and 25% of the femalas= 1).

By FH-FQ, proportions of carbohydrate, protein and fat, in terms of total energy intake were 43.5%,
20.4% and 36.1% respectively. This is below th®RWor carbohydrateof (50%) (SACN, 2015), and
above the recommended maximum amount for fat (35%) (SACN, 2019). The 24hr recall recorded
similar proportions of carbohydrate, protein and fat, in terms of total energy intake: 40.5%, 20.9%
and 38.6% respectively. By-FFQ, SFA eaunted for 11.6% of total energy intake, which is above

the maximum recommended amount 00% (SACN, 2019). 24hr recall recorded a similar proportion
of SFA at 10.8% of total energy intake. There was very little difference betweenB&Fand the
24hrrecall in recording absolute median fibre intakes: 15.9 and 15.7 g/d respectively, whalbvs

the UKrecommended average intake of 30g/8ACN, 2015). Median sodium intakes were also very
close between the two methods: 2464 mg/d and 2509 mg/d respelgtiwhich is slightly above the
maximum recommended amount of 2400 mg/d (SACN, 2003). Mean calcium intake was slightly
above the RNI of 700 mg/€6mmittee on Medical Aspects of Food Polie@MA4, 199) for both
methods, although the FFFQ measured aamter mean intakeRFFFQ760 mg/d v24hr recall:

726 mg/d). Median vitamin C intakes showed the greatest difference between the methods, with
the FFFFQ recording 38% greater median intake than the 24hr recall, both of which were well above
the RNI of & mg/d COMA, 19911

One to three mild outliers were identified for carbohydrate, protein, fat, fibre, SFA, MUFA, calcium,
iron and vitamin C. Further investigation indicated that no data collection or transcription errors had

been made. The mild outliemsere therefore left in the data set.

Correlation coefficients between the fHFQ and 24hr recall were mostly moderate and were
significant for energy and all analysed nutrient intakes as display&bie5.4. Energy adjustment
yielded stronger correlatio coefficients for fat, SFA, fibre and vitamin C, but weaker for

carbohydrate, protein, MUFA, PUFA, sodium, iron and calcium.

Table5.5 displays the level of quartile agreement between the two methods, indicating a mean rate
of misclassification (extrem@pposite nutrient reporting) of 4.2%. Tal8e5 displays the predictive
effects of age, BMI and WHtR on low energy intake reporting (LER). This showed no effect of any of

the predictor variables on LER when controlling for the other two predictor variabtee model.
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Bland and AltmaiiBA)analyses were used to detect bias between the mean differences, and to
illustrate 95% agreement intervals between theFH and 24hr recall for energy, carbohydrate,
carbohydrate as a percentage of energy intake, filpretein, protein as a percentage of energy

intake, fat, SFA, MUFA, PUFA, sodium, iron, calcium and vitaifiieg& BA plots are illustrated in
Fgure5.2. Appendix5.4 displays the BA plots in ftdize withaccompanyinglescriptions of eaclBA
analyssindicated good agreement between methods for energy and each nutrient, with an average

of 96% of cases falling between the limits of agreement.

Table5.4. Energy and nutrient intakes calculated fromPHQ vs 24hr recall, and correlations

between the two methods.

Energy FFFFQ 24hr recall Correlatior?
Unadjusted Adjustéd
El (kcal) 1742 (698) 2250 (744) 0.42 -
EmER (kcal) 1994 (281) 1994 (281) - -
EI/EmMER (%) 86 (34) 113 (40) 0.43 -
Nutrients
Carbohydrate (@) 197.6 (76) 228.9 (63.5) 0.42 -
Carbohydrate (% EI) 43.5 (7.4) 40.5 (6.6) 0.35 -
Fibre(gy 15.9 (5.5) 15.7 (4.5) 0.34 0.4
Protein (g) 87.6 (31.2) 119.9 (47.4) 0.42 -
Protein (% EI) 20.4 (3.9) 20.9 (6.5) 0.31 -
TotalFat (g) 67.9 (29.9) 84.8 (38.9) 0.35 0.4
SFA (9) 22.5(11.4) 26.9 (12.9) 0.36 0.4
MUFA (g) 26.2 (11.6) 28.6 (14.6) 0.32 0.1
PUFA (g) 12.4 (5.6) 12.4 (9.5) 0.24 p=0.05) 0.22
Sodium (md) 2464 (827) 2509 (824) 0.32 0.1
Iron (mg} 10.6 (3.4) 12 (4.2) 0.38 0.
Calcium (md) 760 (274) 726 (240) 0.45 0.1
Vitamin C (mg) 99 (56) 61 (56) 0.26 0.1

+ f dzSa

LINBaSyiSR | &

YSRAL Y

0 Ay (PGaNdsqriesddiell AsIneadXSPHA S0 = { LIS

t SI NB& 2y Qa POoreNModi$ dighificahtyatithe .05 leveltédled) for all nutrients analyse@Nutrient
intakes adjusted using the nutrient density model [(nutrient/energy)x104©]0.05. Abbreviations: El, ergy

intake; EmMER, estimated minimum energy requirem&mA, saturated fatty acids; MUFA, Monounsaturated

fatty acids; PUFA, polyunsaturated fatty acids.
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Figureb.2.Validation study Bland & Altman plots showing levels of agreement between tREGF
and 24hr recalls (Appendb4 provides detailed descriptions of each plot).
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Table5.5. Quartile crosslassification between HH-Q and 24hr recall

Nutrient Level of quartile agreement (%o)
Same Same & adjacent Opposit

Energy (kcal) 41 74 3
Carbohydrate (g) 30 75 1
Protein (g) 32 72 3
Fat (g) 32 70 1
SFA (g) 35 72 6
MUFA (9) 30 75 1
PUFA (9) 17 65 3
Fibre (g) 32 83 7
Sodium (mg) 33 74 7
Iron (MmQ) 38 72 4
Calcium (mg) 30 71 4
Vitamin C (mg) 41 75 10

aBasedupon unadjusted data.
bPercentage level of agreement in extreme opposite quartil@sad 4" quartiles).AbbreviationsSFA,
sdurated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

Table5.6. Variables potentially influencing low energy intake reporting (EI/BMR < 1.1)

Dependent variable: LER (EI/BMR < 1.1)
i coefficient Pvalue
Age 0.03 0.43
BMI -0.04 0.84
WHtR 8.06 0.5

Abbreviatiors: BMI, body mass indeXyHtR, waisto-heightratio.

Reproducibility Study

Between June and December 2019, a total of 126 participants from five LFB fire stations were
screened to participate in this study, with 121 eligible for inclusion. 5 participants were excluded due
to not working night duties (day workers). 72 participafitéshed the study by completing two +F

FFQs within a fivenonth period. The remaining 49 participants only managed to complete one FF
FFQ. This was because they weredoify on the day the researcher visited their fire station to
administer the followup FFFFQ. Reasons for this include being on leave, training course attendance,
temporary detachment to a different fire station, sickness absence, transfer to another fire station

or retirement. The final dataset for the reproducibility study compriseghd@2icipants as illustrated

in figure5.3. Each participant was posted at one of five LFB fire stations, three of which are classed
as innercity (urban), with the other two being more suburban. Participant numbers at each station

varied (urban stations1=22, 6, 3; suburbam=16, 25).There were no significant differences
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between stations in age, weight or BN 0.05).Table5.7 displays demographic and
anthropometric characteristics of the study sample, which comprised mainly of men (94%), which is

representative of the UK fire servidddme Office, 2019)

Firefighters screened

(n=126)
( Ineligible
L Non-shift workers(n=5)
Eligible firefighters
(n=121)

( Unavailable at follow
L up (n=49)

Final data set
(n=72)

IS FFFFQ
administered(n=72)

\

2" FFFFQ
administered(n=72)

.
Figureb.3. Participant flow through the reproducibility study.-FFQ: firefighter food frequency
guestionnaire.

Table5.7. Demographic and anthropometric characteristics for the reproducibility study population

Characteristic Total o= 72)
Male / Female n (%) 68 (94.4) / 4 (5.6)
Ethnic minorities n (%) 7(9.7)

Age (V) 39 (7.9)

Years served () 14 (12)

Height (m} 1.79 (0.08)
Weight (kg) 87.2 (12.9)

BMI (kg/n¥)? 27 (2.9)

WHtR (WC/Height crh) 0.5 (0.07)

Values presented as number of participants (% of sampl&nean (SD) otmedian(interquartile range).
Abbreviations: BMI, body mass index; WC, waist circumference; WHtR, waist to height ratio.
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Nutrient intake comparisons between thé éand 29 FEFFQ

Table5.8 displays median energy and nutrient intakes. Reported enetgi¢e was an average of
18% below the estimated minimum requirement, indicating widespread underreporting. Upon
further investigation, 76%ES5) of the sample had reported energy intakes below this level. This

equated to 76% of the males£52) and 75%fdhe females{=3).

When averaging the intakes of both-FFQsproportions of carbohydrate, protein and fat, in terms
of total energy intake were 45%, 20% and 35% respectively and in alignment with UK national
dietary guidelines although 5% beldiae UKDRVWfor carbohydrate intake (SACN, 2015). Saturated
fatty acids accounted for 12% of total energy intake, which is above the maximum recommended
amount of D%(SACN, 2019). Median fibre intake was 15 g/d whibkeliswthe UKrecommended
average intake 080g/d (SACN, 2015). Median sodium intake was 2311 mpdh is within the
maximum recommended amount of 2400 mg/d (SACN, 2003), although this is likely to be an
underestimation of true sodium intake. Calcium intake was slightly above the RNI of 70@&umag/d
vitamin C intake was more than double the RNI of 40 mG@NA, 1991

{LISENYIFyQa O2NNBf I A2y -BEFDSWelestdigunihighly sighificars Sry
energy and all analysed nutrient intakes as displayéléine5.8.

Scatter plotavere generated to illustrate the correlation coefficients listeddable5.8. Bland and
Altman analyses were used to detect bias between the mean differences, and to illustrate 95%
agreement intervals between thetand 29 FFFFQ for energy, carbohydeatfibre, protein, fat, SFA,
MUFA, PUFAodium calcium, iron and vitamin.@n average d35.1% of the cases fell within the

limits of agreement, indicating a good level of agreemdémpendix5.5 displays the scatter plots

and Bland & Altman plots with accompanying interpretations.
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Table5.8: Energy and nutrient intakes calculated frofhahd 29 FFFFQs, and correlations between
the two measurements

Energy 18 FFFFQ 2" FFFFQ Correlatior?
El (kcal) 1675 (757) 1679 (796) 0.75
EmER (kcal) 2051 (276) 2051 (276) -
EI/EmER (%) 82 (41) 82 (33) 0.77
Nutrients

Carbohydrate (g) 195(91.7) 179.1 (93.3) 0.80
Fibre (g) 14.6 (8) 15.9 (9.5) 0.71
Protein (g) 83.2 (30.7) 85.6 (35.1) 0.62
Total Fat (g) 66 (30.9) 66.1 (33.6) 0.69
SFA (g) 21.8 (11) 22.7 (13.1) 0.66
MUFA (g) 24.9(10.9) 25.3 (14) 0.71
PUFA (g) 11.7 (5.7) 13 (6.2) 0.70
Sodium (mg) 2394 (1268) 2227 (1152) 0.74
Iron (mg) 9.7 (4.4) 10.6 (5.2) 0.72
Calcium (mg) 741 (436) 721 (433) 0.55
Vitamin C (mg) 90 (72) 104 (62) 0.69

Values presented as median (interquartile rang€prrelation is significant at the 0.01 leveltéed) for all
nutrients analysed. Abbreviations: El, energy intake; EMER, estimated minimum energy requirement; SFA,
saturated fatty acids; MUFA, Monounsaated fatty acids; PUFA, polyunsaturated fatty acids.

5.4.Discussion

Overview

Except for a small pilot trial by Lessons and Bhakta (2018), UK firefighters have not routinely been
exposed to dietary assessment, so it was relatively unknown how a larger sample might react to the
proposition. Of 182 participants who were asked to coetgpkhe EPI@orfolk FFQ, 180 took part.

The nonparticipants therefore constituted a negligible proportion of potential study recruits, thus
indicating feasibility for the dietary assessment of this population on a larger staltes study, a

novel FFQvas developed for UK firefighters (FFQ) and was tested for reproducibility and validity
against the reference method of mujbass 24hr recalls. The-FFQ indicated an acceptable level of
relative validity against the reference method across a rarfgautrients using a variety of analyses.

It also showed acceptable reproducibility indicating a good level of precision. This represents the

first validation study of an FFQ for UK firefighters.

FFEFFQ Development

In developing the FFFQ, the decision teeduce the overall length of the EPNorfolk FFQ yielded
favourable feedback from the focus group of firefighters upon whom it wadguted. The time

taken for the focus group to complete the-FFQ was notably shorter compared with the EPIC
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Norfolk FF@12 mins vs 18 mins). This also translated to a faster screening process whereby each
LJ- NI A O AFED was i@dewed By the researcher with the relevant participant to clarify any
gueries. This expedited process therefore enables the user to screeaffendubsequent advice to
more firefighters within a shorter timeframe. The reduced FFQ length also translated to an
expedited data entry procedure, therefore saving time for both the participant and researcher at
each end of the process. The focus grogyported that they found the FFFQ understandable,
unambiguous and easy to complete. This was supported by tié¢-EFscreening carried out by the
researcher with each focus group member individually, identifying no mistakes. The successful pre
testing d the FFFFQ was an important final step to ensuring that it was acceptable and understood

for the population for which it is intended, as stipulated(Badeet al,, 2002)

Representativeness of the study population

A total of 180 firefighters completed the ERNIGrfolk FFQ. Compared with the English national

averag, the slightly greater proportion of firefighters from an ethnic minority background within

GKAA adGdzRe alYLXS Aa tA1Ste G2 o60S I NBIANSOGAZ2Y 2
2019) Overall, this study sample was demographically similar to the Englisimal fire and rescue

services (Home Office, 2019). Along with the identical mean BMI of the LFB frontline firefighter

(recorded in 2018), this indicates that the study sample of 180 firefighters was representative of

both the LFB and the English natibfiee and rescue services. The even spread of urban and

suburban fire stations which were chosen for this study is likely to have contributed to this level of
representativeness. The fHFQ food list, which was the outcome of this initial study, is tloeeef

externally valid.

Misreporting

In the validation study, the HFH-Q mean energy intake underestimation was 14% below the
estimated minimum feasible intake. This is comparable with a study by Bi&og&eret al., (2009)
which found energy intake toedbunderestimated by 12% in a motivated sample of volunteers. The
validation and reproducibility studies indicated a mean rate of energy intake tnegerting (UR) of
74% as recorded by Q. This is consistent with a secondary analysis of the UK Ndiehand
Nutrition Survey data by Renné al. (2007) which identified prevalence of undeaporting to be

between 75 and 88% of subjects.

Smithet al. (1994) identified that underreporting can produce substantial eestimates of intake
deficiency. Tis can significantly decrease when subjects who fall short of the Goldbeoff @itl.1

are discarded from the data set. Some previous studies have indeed discardedrepdeers from
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the data set (Pryeet al., 1995; Shortet al,, 1997; Drummonet al., 1998), however this practice

can introduce unknown bias to the sample and can remove subjects of interest (Livingstone and
Black, 2003). This contributed to the decision to keep the uneporters in the data set, along with
further justification. Firstly, they constituted a vast majority of the sample. Secondly, due to both
dietary assessment methods suffering from similar sources of error and bias, it was judged that
attenuation of correlation and agreement between the methodswebnot be too severely affected
by underreporting. The decision was also driven by the intended purposes of th&QR.efor its

use in relative dietary assessment (detecting changes which may have been elicited by an
intervention) and as a rankingabto identify high and low intakes of certain foods. Accurate
absolute dietary intakes were therefore not important, in contrast to epidemiological investigation

where misreporting is considerably more troublesome (Livingstone and Black, 2003).

Age, BMI and WHtR were found not to be associated with low energy intake reporting in this study,
which is consistent with a validation study Ggrlseret al.(2010) but contrary to some previous
research reporting that age and adiposity can influence low energy reporting(RfiR)eret al.,

2015) In thisstudy, LER also pertained to the 24hr recalls, a method which has previously been
identified to suffer from a high prevalence of uneeporting along with positive associations
between LER and age, and LER and adip@sihanssomet al,, 2001) Underreporting as recorded

by 24hr recall applied to 35% of the sample in this study, equating to approximately half the level
recorded by FFFQ, and is comparable with previous studEdhanssomet al., 2001; Schatzkiet

al., 2003) This may suggest that whilst the anticipated social desirability bias may partially account
for the observed LER, portion size conceptualisation problems may have also been partially
responsible. The attempt made to ae®me this, using the reference portions PowerPoint
presentation slide, may have added to participant burden, which can contribute to subject fatigue.
This is consistent with a review by Cadel. (2002) which found that when participants are less

than highly motivated, boredom and fatigue can lead to inaccurate responses.

Whilst the relatively short FFFQ reference period of three months may have helped reduce
misreporting caused by poor memory, three months of memory recall is still more burdensome tha
twenty-four hours, and therefore may partially account for the energy intake discrepancies seen
between the FHFFQ and the 24hr recalls. This highlights the fact that both the test and reference
methods used in this study are retrospective and therefuffer from the same sources of error

and bias. Whilst weighed records/diet records should be the primary reference method of choice,
when caeoperation of study participants is limited, 24hr recalls may be more approptétbertet

al., 1999, and therefore constituted the only feasible option for this study.
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Another source of misreporting which may have contributed to distorted nutrient and energy intake
reporting, is the common limitation of FFQs being limited to the foods listed on.thtdmas been
estimated that an available 200,000 commercial foods exist within western supermarkets (Boeing,

2013). This can lead to varied levels of food item substitution on FFQs (Nétmlgri992).

The 24hr recall method recorded greater absolutakes than the FFFQ, with a difference of 508

kcal between average intakes. The observed underestimation of energy intake by FFQ is consistent
with the OPEN studfSchatzkiret al,, 2003) and has been fouhto be greater (676 kcal) in a

validation study comparing two similar FR@srsteret al,, 2014) The median FFFQ intake of 1742
kcal/d is similar to validation studies ByocterGrayet al.(2017)and Steinemanret al. (2017)

whose FFQs recorded energy intake at 1782 kcal/d and 1&#&Ikespectively. Even though the-FF
FFQ underestimated total energy intake (El), as a proportion of energy, the 24hr recall mean
carbohydrate intake was 40.5% of El, which is 9.5% below the UK recommen@#{©N,(20)5In

this case, the FFFQ recordd a mean intake of 43.5% which is more comparable to the mean
general population intake and DRV of 5BACN, 20)5Total fat intakes followed a similar pattern,
aligning more closely with UK national recommendations. Mean protein intake (%EI) was similar for
both methods and at an expected percentage of El (20.4%-ByF0F20.9% by 24hr recall),

however, greater itake variability was recorded by 24hr recall. This could be attributed to the-open
ended nature of the 24hr recall protocol, whereby participants state their own portion sizes, as
opposed to fixed portion sizes for the-FFQ. Whilst there exists an attorrelation of systematic

error between the two methods in terms of reliance upon memory and food portion size
conceptualisation, the observed disparities between them highlights the fact that Hd-BRwvas
validated against an alternative, but not necedlyanore accurate dietary assessment method. In

this sense, such a validation study can only suggest whether or not the two methods provide related
answers. If disagreement exists between the two methods, the study cannot identify which is
correct, or wheher it accurately records dietary intakéSadeet al., 2002) The weighed food diary

is acknowledged as the gold standard for validating different dietary intake assessment methods
(Livingstone and Black, 2003). Even so, comparisons are limited in terms of estimating validity, as
every dietary assessment method geates error (Bingham, 1987). Biomarkers of food intake in

blood plasma and 24hr urine collections provide accurate validation of dietary assessment methods,
but were outside the scope of this study due to their expense. Bingétaah (1997) found

biomarkes to correlate better with weighed diaries than 24hr recalls, suggesting weighed diaries
may be more accurate. Results between studies are inconsistent, with 24hr recalls indicating greater
accuracy (Sawayet al., 1996) and less accuracy (Howéagl., 1994; Bathaloret al., 2000). Due to

the high level of participant burden of weighed diaries, this method was not feasible for this study.
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Whilst mean total fibre intake was very close between methods @ndas tothe UK national

average intake (Batest al. 2014), and total sodium intakes were also very close between methods
and slightly above the UK recommendation of 2400 n{fACN, 2003)hese may be
underestimations of true intake, as the leenergy reporting among participants indicates that
either the whole diet was undereported, or selective undereporting of certain food items led to

the low energy intakes, particularly in the-FFQ. Conversely, certain foods may have been-over
reported by FFFFQ and/or undereported by 24hr recall, suggestdy the disparity between the
methods for vitamin C intake being 38% higher b¥F®. The validation analyses provide an insight

by giving an indication of the level of agreement between methods for each nutrient.

Validity of the FFFFQ

A valid dietary ssessment tool is necessary for this population due to a high prevalence of
overweight and obesity (Munit al.,2012; Lessons and Bhakta, 2018), an occupational obesogenic

food environment (Dobsoet al., 2013) and an increased risk of CHD and MI (Hattek, 2017).

Moderate significant correlations between the two methods ranging between 0.32 and 0.49 were
found for energy, carbohydrate, protein, fat, SFA, MUFA, fibre, sodium, calcium and iron. Weak
significant correlations were found for PUFA and vitamith€|atter of which is consistent wita

review of FFQ validation studies which found FFQs to correlate better with dietary records than 24hr
recalls for recording vitamin C intake (Cadeal., 2004). &er adjusting for total energy intake,

vitamin C improved t@ medium strength correlation. Energy adjustment also improved correlations
between the methods for fat, SFA and fibre intakes, but produced weaker correlations for
carbohydrate, protein, MUFA, PUFA, sodium, iron and calcium. $aldaggests that

macranutrient intakes were recorded in similar proportions by both theHHg and the 24hr recall
after energy adjustment, although the HHFQ energgdjusted macronutrient intakes were slightly
closer to recommendations. Energy adjustment in validation stuaiesimes that, whilst absolute
nutrient intakes might differ between methods, people report them in similar proportions
(Thompson and Subar, 201 However, energy adjustment does not necessarily equate to improved
correlation, and the varied results in this study are consistent with ot{\&fiiflett et al., 1985; Flegal

and Larkin, 1990)n a validation study bBohlscheidThomas (1997all correlation coefficients

reduced following energy adjustment. In this study, whilst energy adjustment produced similar
group mears of proportional macronutrient intakes for the two methods, the mixed correlations
following energy adjustment infers that individual participants tended to report nutrient intakes in
dissimilar proportions for the two methods. This has also been theioasther validation studies

(Willett et al., 1985 1987; Pietineret al,, 1988; Flegal and tlan, 1990; Forsteet al., 2014)
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Correlations for energy and nutrient intakes

Correlations between the two methods were significant with moderate correlations for energy

intake and all macronutrients. This is consistent with correlatiepsrted in comparable studies.

E.g. the correlation between methods for energy intake in this study (&42nsistent with a

review of FFQ validation studies which found the same correlation coefficient for energy intake

(0.42) in studies assessing tthiets of men (Cadet al., 2004). Thisorrelation for energy intakeras

stronger than those observed BrocterGrayet al.(2017)(0.27), andSteinemanret al. (2017)

OndoHL® ¢KAA alddzRéeQa O2NNBf I i ARofterBraywiald20NDp 2 K & R NI
(0.37) andSteinemanret al.(2017)(0.24), but weaker thalVillett et al. (1985)(0.53)andFlegal and

Larkin (1990p n dpT 0 ® ¢ KA da addzRe@Qa 02 NNBf{ Mildttztal (O8NI LINR G S
(0.33),Flegal and Larkin (199(1).36) andProcterGrayet al.(2017)(0.37), but weaker than

Steinemanret al.(2017)(0.46). The correlation for fat (0.35) was the sam@axterGrayet al.

(2017) similar toSteinemanret al. (2017)(0.37), weaker thaiVillett et al. (1985)and Flegal and

Larkin (1990§0.39), and stronger tha@leghorret al.(2016)(0.22). The improved correlation for

energy adjusted fat (0.43) was slightly stronger tRaiacterGrayet al.(2017)(0.41), but weaker

than Willett et al. (1985)(0.53).

Similar alignment wih comparable studies was also found for all observed micronutrients with the
exception of PUFA. This weak correlation may be due to a major limitation of the 24hr recall being
unable to capture the daily variation in dietary intake of individ(Bksatonet al., 1979, 1983)

When measuring intakes of nutrients which are found within limited or infrequently consumed
foods, intraindividual variation can exceed interindividual variation to the extent that many
nonconsecutive 24hr recalls are required to stabillse within-subject estimate of usual

consumption (Tuckest al.,2013). For nutrients with high intake variation i.e. vitamin A, twenty one
days or more may be required to obtain stable estimdtéartmanet al., 1990) Whilst there is

some evidence that increasing the amount of reference method records may lead to improvements
to the apparent validity of an FH®@otosky, Block and Hartman, 1998)comparable validation

study byBohlscheidThomas (1997Ayhich validated an FFQ against twelve 24hr recalls observed
strikingly similar correlations to the current4#FQ validation study. Such a highmber of 24hr

recalls may therefore not necessarily improve correlation, and was not within the scope of this study
due to aforementioned participant burden concerns. A comparable validation study found the
weakest correlation between their FFQ and 2#wall to be for oily fishr(= 0.03)Cleghorret al.,

2016) This is a major dietary source of PUYM&yeret al,, 2003)and indicates that although the
correlation for PUFA was weak within this study, it is stronger than in a comparable study.

Conversely, in this study the nutrient showing the strongest correlation agéciumwhich is
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consistent with a review of FFQ validation studies which also fthatccorrelation coefficieng

were strongest for calciurfCadeet al.,, 2004) Two likely reasons for this are that firstly, unlike

PUFA, calcium is generally a micraiarit which features daily in the western diet due to regular

dairy consumption. Secondly, unlike the rest of the food items, thEFE gives portion size options

for milk intake.This is consistent with a review of valiaat studies by Cadet al.(2002) which

found correlations to be highest when participants were given the option of choosing their portion
size. For the rest of the items on the-FFQ, fixed portion sizes were specified on the questionnaire
forsome2 2R AGSYaz gA0GK 20KSNHE 0 SCaged al.iR802)GoNddeh& R  a W
correlation coefficients ranged between 0.4 and 0.5 when portion sizes were specified, an@d.9.2
when no portion size was specified. As the majority of itemshenRFFFQ were split between these
two categories, the observed correlations in this study are consistent with comparable FFQs. Other
than for PUFA, the moderate correlation coefficients between the methods do not fall below the
minimum acceptable correlain coefficient of 0.3, as suggested in a review of validation studies by
Cadeet al. (2002).

Agreement between FFFQ and 24hr recalls

Cadeet al.(2002) recommended that, whilst correlation can be helpful in assessing validity, this has
been shown to bélawed due to it only measuring the degree to which the two methods are related,
and fails to measure the agreement between the two methods. The Bland and Altman method is
suggested to be used for this purpose, and was applied to energy and each ninttieiststudy.

Bland and Altman analyses indicated an acceptable level of agreement for each nutrient, with an
average of 96% of cases falling within the limits of agreement. This is consistent with comparable
studies(Forsteret al., 2014; Brediret al., 2020) and is asuperior level of agreement than indicated

in a recent firefighter dietary assessment tool validation st(f8lgtosPrietoet al., 2019)

furthermore, less evidence of proportional bias between methods was observed from the Bland and
Altman plots in this study compared with the three aforementioned studies. This further indicates

good agreement between the two methods.

Crossclassificatio of energy and nutrient intakes between the two methods identified an average

extreme opposite quartile disagreement in 4.2% of casedicating an acceptable rate of relative
disagreement/misclassification comparable with previous validation sty&ebklscheidlhomas,

1997; Forsteetal, 2014 ¢ KS F GSNI IS LISNOSydl 38 2F LI NI AOA LY
I R2FOSy G Q OFGS3I2NASE 61 & o007 I Yy BohlschgdThoids LISOG A OS¢

(1997) who tiserved a similar rate of crostassification agreement: 36% and 75% respectively. This
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indicates that the FFFQ produces ranked dietary intakes that are broadly comparable with 24hr

recalls, and generates a low rate of misclassification.

The reproducibity study showed strong significant correlations between repeat administrations of
the FFFFQ for energy and all nutrient intakes with a mean correlation coefficient of 0.7, ranging
from 0.55 for calcium to 0.8 for carbohydrate. This is similar to contperaproducibility studies
(Pietinenet al.,, 1988; Bohlschei@homas, 1997)andconsistent witha review by Cadet al. (2004)
which reporteda repeatability correlationcoefficient range of 0.50.8, with the highest correlation
coefficients faind between repeat administrations of an FFQ within a one tonsinth time

interval. Thesamereview found the strongest repeatability correlations to be for calcium, which was
the opposite for this studyAlthough strong, the relatively losy correlationfor calciummay be
attributable to the greater variety of portion size choices offered for milk on thREFRP. This was a
strength of the validation study, however, may have led to reduced precision in the reproducibility
study. Even so, the FQ indicieed a high level of reproducibility, suggesting very good precision of
the instrument. This was supported by Bland and Altman analyses for energy and each nutrient. An
average of 95.1% of the cases fell within the limits of agreement, with no indicatioredfbias or
proportional bias, suggesting a good level of agreement between repeat administrations of the FF
FFQ.

Study Strengths

The representativeness of the study sample indicates a high level of external validity, suggesting
wider utility of the FFFFQ as a valid dietary assessment tool for English fire and rescue sditvices.
paucity ofprevious studies to quantify firefighter dietary intakes utilised thoassy food recordso

assess firefighter diets in the UAirschet al,, 2018; Johnson and Mayer, 2020)e latter of the

two studiessuggpsted that validated methods to assess firefighter diefatgkeswould be

preferable Indeed, the FHFFQ represents such a tool, and is the most comprehensive FFQ validated
for firefighters to date. The closest dietary assessment tothe FFFFQwasvalidated for USA
firefighters providing a basicoverview of dietary quality by generating a modified Mediterranean

diet score (MMDS). This fifteetem questionnaire was developed Manget al. (2014)and later
validated for use within a fifeghter dietary intervention study bySotosPrietoet al,, 2019)

however it is unable to quantify dietary intakes

The aforementioned study bjohnsorand Mayer(2020 found thatfirefighter three-dayfood
records identified relatively low intakes of carbohydrate and fibre, along with relatively high intakes
of fat and sodium. This is consistent wilte relative dietary intakes of this chapter, which is an

encouraging siggiventheir use of what could beomsideredasa more accuratenethod ofdietary

165



assessment. It alssuggess concerning similarities between firefighter dietary intakes within two of
0KS ¢2NI RQa Y@ECGD DDrpasS ylLliAazya

For the reference method, this validation study utilisedetaly assessment method which was
different to an FFQ. In their review, Caeleal.,(2002) found 12% of validation studies to use

another FFQ as the reference method, meaning that both the test and reference methods suffered
from exactly the same sources$ error and bias. Although the 24hr recall is also retrospective,
therefore suffering from similar sources of error and bias, the differences between methods renders
the study more rigorous compared with validation against another FFQ. Whilst anothehB&€h

as the reference method would naturally result in stronger correlation (especially when the test FFQ
was derived from the reference FFQ), Catlal. (2002) does not even acknowledge this as a valid
option. This study also benefits from neither rhetl suffering from reactivity bias. Further

improving the study was that the mupass 24hr recalls wegenerallyconducted in person which

is the optimal method of administration (Tucketral,, 2013).

The FAFFQ displays a list of single food itemgpgosed to grouped food items within the same
guestion. This was an important consideration given the questionable motivation level of the target
demographic. Whilst grouping food items was considered as an option for tRE@Fo reduce the
number of quetions with the aim of reducing participant burden, expert consensus was that single
items help to differentiate between similar foods. Also, whilst grouped items give the impression of
a less burdensome questionnaire, they can actually complicate thegsand increase the time

and effort for completion (Cadet al., 2002).

This study tested the reproducibility of the FFQ, as oppose®% df the validation studies in the
review by Cadet al., (2081 which failed to do so. Assessment of theG-E v el of frecision was
therefore carried out. This further validates the-HFQ for its intended primary purpose of being

used to detect dietary changes within an intervention study. This explicit declaration of its intended
purpose is itself another stretig of the study, as many studies omit this important fundamental

information (Cadest al.,2002).

A variety of analyses were used to assess the validity of the FE€eifitluded Bland and Altman
analysis for every nutrient of interest in both the vatida and reproducibility studies. This assesses
the agreement between the methods across the spectrum of intgkénd and Altman, 199@nd

is preferable to correlation coefficients which are the most common method, used in 90% of the
studies reviewed by Cadg al. (2002). However, they have been shown to be flawed due to not

measuring agreement, only the degree to which the methods/administrations are related éCade
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al.,2002). The Bland and Altman method is underutilised, and was used in less than 10% of the

studies reviewed by Cads al. (2002 2004.

Study Limitations

The heterogeneity between differing dietary analysis software packages was a limitation of this

study which led to further limitations. Whilst the main nutrients of interest were generated by bo

FETA software and Nutritics software, food group data was not produced by Nutritics, which

rendered food group comparisons unfeasible for this study. A similar limitation also occurred for
WIFRBAI NBEQ RIGF 6KAOK ¢l a 3IBEKIhaihdictoBenditygexténded A G A O &
the food databases which were mapped to the differing software analysis packages. FETA used

aO/ yOS IyYyR 2ARR264a2y Q4 W¢KS /2YLRaAlA2y 2F C22F
(Welchet al., 2005). Nutritics useche 2015 COFIDS including McCance and Widdowson 7th edition,

2015 nutritional composition database. This is likely to have been a source of systematic error and

bias between the methods, possildjtenuatingcorrelation. The FETA software is soon to be

updated to the same food databases currently used by Nutritics, which will ameliorate this source of

error in the future. A further repercussion of the software heterogeneity was the inability for FETA

to process data for dietary supplements. To mitigate thésrepancy, dietary supplements were not

entered into the Nutritics dietary analysis software programme during 24hr recall data entry. This

further reduces the FFFQ@ ability to produce accurate absolute nutrient intakes, although, as

stated from the otset, the FFFFQ was not designed for that purpose.

Finally, the sample size for this study was not optimal. Although the minimum recommended sample
size of fifty participants for a validation studias exceeded, a larger sample of 100 to 200 as
suggestedy Cadeet al. (2002) may have improved statistical power and improved correlation
coefficients between the methodslowever, the more recent review of FFQ validation studies by
Cadeet al. (2004) showed that validation study sample sizes did not mak@pmeciable difference

to correlation coefficients between the FFQ and reference method.
Conclusion

The FFFFQ indicated low burden for both the respondents and the researcher, whilst indicating
good agreement with 24hr recalls for assessing relative mitirgakes of firefighters in England. It

also showed good reproducibility indicating precision. Although poorer correlation between the
methods was observed for vitamin C and PUFA, a variety of analyses indicated good overall relative
validity of the FFH-Q, with the results being comparable to previous published studies. FFQs are

most commonly used to rank individuals by their dietary intal@shgharet al,, 2012) The FFFFQ
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indicated a low rate of misclassification by quartile crosssification, and along with its precision
and good agreement between the methods, theFHQ has demonstrated its valid utility for use as
both a screening tool to identify relatively high aeev intakes of certain foods, as well as an
instrument to identify relative dietary changes elicited by an intervention. This represents the first

FFQ validation study for the UK fire and rescue services.
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Chapter6. Messmanager kitcherbased cookery workshop

Overview

Fire station food culture has contributed to an obesogenic environnig firefighteisresponsible

for food cateringor their teanmsreceiveno culinary or nutrition training. This hsed to over
consumption of meals high in refined carbohydratest andsaturated fat.This studydescribes the
design, implemerdtion and evaluaibn ofthe feasibility and efficacy of a fire station kitchbased
cookery workshopdesigned to ameliorate fire station food environmerne-dayworkshop
intervention and accompanying cookery book were developed and testadontrolled tria|
demonstrating practical methods of healthy meal preparation along estvironmental

modification suggestions designed to ameliorate the established obesogenic food environment. This
resulted in several key significaqi(0.01) improvements to the mess, including 8 firefighting
watches reinstating smaller plates, 10 watsHeaving leftovers in the kitchen, 11 watches
incorporating wholegrain products and 8 watches switching to making sauces/soups from scratch.
No significant changes were reported by the control grqap@.01). Participant feedback was

overwhelmingly positve, with 94%participants reporting a optimalfeedbackrating.

6.1.Introduction

Prevalence of overweight and obesity in firefighters exceeds that of the general population in both
the USA (Postoet al,, 2013) and the UK (Munét al., 2012; Lessons and Bhakta, 2018). Whilst
obesogenic exposures including the effects of shift workamahcreasingly more sedentary
occupation are contributing factors (Knutson and Van Cauter, 2008; Dalbshn2013), fire station
mess culture has contributed to an obesogenic food environment at USA fire stations (Hatldock
al., 2011; Jahnket al., 2012; Dobsoeet al., 2013), which is culturally reflected in UK fire stations
(Lessons and Bhakta, 2018). Historically, medical assessments of overweight/obese firefighters in
both the UK and the USA have resulted in the prescription of physical exerttiseery little
consideration given to dietary modification (Goheer, 2017). Even when diet and nutrition advice is
offered by occupational health nurses, it has little impact (Bretval., 2016). Thé\ationalFire

Chiefs Counc{NFC(in the UKoutlines the importance of physical fitness of UK firefight&BCC
2020), without mention of related standards of nutrition education or monitoring. The firefighter

responsible for choosing, purchasing and preparing meals at fire stations does so volunthiily a

169



simply nominated to be mesmanager by their watch (firefighting team) to carry out this extra duty.
There is no culinary or nutrition training involved, with consideration for nutritional content of meals
left completely in the hands of the electelessmanager. This has resulted in a widespread culture
of overnutrition at fire stations and an over consumption of meals high in refined carbohydrates
and saturated fat (Haddoat al., 2011; Jahnket al., 2012; Dobsomet al., 2013; Lessons and Bhakta,
2018).

Other factors which potentially contribute to the obesogenic nutrition environment in fire stations
have also been identified. These incluteegular meal times caused by emergency callouts (Banes,
2014; Haddockt al,, 2011; Jahnket al.,, 2012; excessive portion sizes driven partially by the belief
that subsequent potential emergency callouts may interrupt the next meal; and a relatively fast rate
of eating (Haddockt al., 2011; Jahnket al., 2012). This is also driven by anticipation of an
impending emergency callout, and is a habit which contributes to greater weight gain (Gerace and
George, 1996). For some of the more health conscious firefighters who would otherwise choose
healthier meal options, peer pressure to be part of the messtenagxerted upon them, along with

the convenience of having meals prepared for them results in a compromise of their healthy beliefs
and resignation to eat what is served by the mess (Haddbek, 2011; Jahnket al., 2012).

Customary cakes are regularly supplied to the watch by individuals to mark various occasions
including: making a mistake on duty, birthdays, earning extra money arpgaged overtime, and
well-wishers showing gratitude (Jahn&eal., 2012). Tis hascontributed toan endemic culture of
overnutrition from refined carbohydrate and saturated {#taleset al,, 2009; Haddockt al., 2011;
Jahnkeet al,, 2012; Banes2014) All of these factors were reflected in London fire stations during

the UK firefightempilot study by Lessons and Bhakta (2018) and subsequent extension work.

Cookery skills interventions

A systematic review of nutrition education on related health outcomes identified cooking skills
workshops as one of the components yielding greatest impact, influencing decreased BMI (Schembri
et al,, 2015). Whilst there is little evidence attributing tlewel of effect that cooking skills

workshops as a sole intervention have on health outcomes, a qualitative study associated cookery
classes with improved cooking skill and nutrition knowledge (Abdtadt, 2012). Participants

attributed the success ohis programme to its social nature as it was conducted in small groups
involving subject participation. This is consistent with a review of effective components of nutrition
education interventions, finding participatory interventions to have a signifibangeficial effect on

dietary modification (Sahagt al., 2006).Thisstyle of activdearning may be particularly suited to

firefighters who are used to workinganuallyin smallcohesiveeams. Ranbt al. (2011) suggested
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that learning could be improvkewhen small groups of firefighters engage in intervention activities

together.

To date two firefighter interventions have included kitcHessed cookery demonstrations in an
attempt to provide firefighters with skills necessary to prepare healthy meabog{Goheer, 207,
Torreet al,, 2019) Within the FFIRE stud§oheer, 2017)this was one of the study components
NEOSAGAY3I | YFEAYdzY NXGAYy3I 2F WOSNE KSt LJFdzZ Ay A
participants, with eightyeight percent reportedly trying a new food or new method of food

preparation learned during these sessions. This resulted in a fire station food environment change

reported by fifty nine percent of respondents with seventy onegeett reporting favourable

changes extending to their home food environments. Positive feedback from participants was
NELR2NISRfe& 20SNBKSEfYAYy3d Sdadd a¢KAAa LINBPBINIYYS KI 3
ten shift mates. My cooking methods havecbene healthier and being the head cook at work,
SOSNEO2Re 0 S y2819)AThisisconsistadtavKhS&edEion work following the UK
firefighter intervention pilot trial by Lessons and Bhakta (2018), which elicited similar feedback on a
regular bas alongside requests for healthy recipe suggestions for amesggers. This groundwork

has not only reduced initial skepticism from some firefighters, it has furthermore identified a
demand for more nutrition education. This satisfies a recommendatiochviamerged from the
PHLAME intervention studilliotet al., 2007) whereby researchers reflected that initial firefighter
skepticism was a barrier to engaging their participation. The reflective advice for future firefighter
intervention programmes statéthe importance of identifying firefighter and fire station
characteristics e.g. shift scheduling, communal activities, teamwork and competition, advising
attempts at culture change should focus on a bottom up approach, promoting healthy behaviours in
a peer setting, creating a positive atmosphere (Mabtyal., 2013). This was an approach adopted by

[ Saazya IyR . KIF10l onwnmyos gKAOK gla SylofSR

(@]
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cultural and organisational behavior of firefighters, as the resleer spent seventeen years as a full
time professional firefighter with the final year spent as a m@ssager. This places the researcher
in a unigue position to breech aforementioned barriers, build rapport and communicate with study
LI NILAOAKSKAWI 2 ¥y f WyRdzr 3SQd

When firefighters wish to improve body composition, a common first step is to remove themselves
from the mess and to cater for themselv@se mess ifloweveran important corner stone of fire
brigade culture which facilitatesommmensaity (Jahnkeet al., 2012; Dobsoet al., 2013 Kniffinet al.,
2015. @mmensality has been found to be significantly positively associated with firefighting team
performance(Kniffinet al., 2015. The fire station mess thus constitutas importantworkplace

environmentwhich could potentially suffer due to fragmentation. Furthermore, senior LFB

171



management hasugjgestedhat, due to messnanagers being paid extra to cafout their mess
duties, it stands to reason that they take responsibility for theparation of healthy nutritious
meals for their colleagues. Thus, a demand has been identified from firefighterspmaesgers and

senior management for cookery workshops.

The aim of this study was treate, implement and evaluate a masanager kitcherbased cookery

workshop.

6.2.Methods

This study was a supplementary component of the prospective closiairolled dietary and

lifestyle intervention trial (parent studyséeChapter7). Messmanagers (firefighters responsible for
food catering for their watches) from the red, green and blue watches (shift teams) within the
intervention group (seven fire stations) of the parent study were invited to participate whilst on
duty. Enrolment was voluntg and handled by telephone or in person, followed by cookery
workshop details being sent to participating masanagers via staff email which provided details of
the optional cookery workshops (see appenglik). The intervention group of this study conged
seventeen mesmanagers from eighteen invitees, thus one masanager declined to participate.
Three cookery workshops were held on separate day shifts in October 2019 (one for each of the
aforementioned watches). The remaining shift (white watch)eveot invited to participate due to
insufficient white watch teams within the parent intervention study at that point in time. This
amounted to four messnanagers within the intervention group who were uninvited. The control
group watchesr{=13) from the iive control group fire stations within the parent study, also served
as the control group for this study. The cookery workshops were scheduled to take place after all
participating watches had received their first follayp (onemonth post intervention) othe parent
study Chapter?7).

The messnanager cookery workshops were held dh 21" and 24" October 2019 in the mess
(kitchen) of Hornchurch fire station. Six m@sanagers from six intervention watches attended on
9" October. Five mesmanagers from five intervention watches attended orf"Tctober. Six mess
managers from five intervention watches attended off"Z4ctober. The final workshop comprised
two messmanagers from the same watch (as they both shared thpamrsibility). The same

workshop also included the only female masanager within the intervention group.

Ethical approval
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This study was authorised by an Assistant Commissioner of the LFB (see appeaddChapter 2)
and the London Metropolitan Univsity School of Human Sciences Ethics Committee (see appendix

2.2 andChapter 2for details.

Selfreported measures

A nineitem food environment questionnaire was devised by the researcherggpendix6.2) to
FaasSaa GKS |jdz £ A G @irorgngnt (Biésg). R hisanagiaOniiristeredi@eadR waclf at
baseline and subsequently at each folloyw within the parent study. Tab®1 displays the nine

items alongside evidendaased justification for each. An anonymous participant feedback
guestionnaire(see appendi®.3) was also devised by the researcher and administered immediately
following the cookery workshop. Along with the rate of enrolment, the feedback questionnaire was

designed to assess feasibility of the cookery workshop.

Table6.1. Mess gality questionnaire items with justification

Mess environment Item Justification
Which size plates are generally used? (Holt et al, 2016)
Are leftovers kept off the plate or divided up (Holt et al, 2016)
and served on the plate?

Is fruitgenerally provided to snack on? As recommended by Public Health England
(2016) to reduce risk of CVD and certain
cancers.

Is low energy/nomutritive sweetener (EFSA, 2011)

provided?

Are low sugar/salt products typically provided (Johnson et al, 2007; SACN, 2003).

Are whole grains generally used? (Seal and Brownlee, 2015)

Are sauces and soups generally homemade ¢« (Monteiro et al., 2018)

readymade?

Is oily fish served weekly? (NHS, 2018)

Are recipes bulked owrith vegetables where As recommended by Public Health England

possible? (2016) to reduce risk of CVD and certain
cancers.

Messmanager cookery workshop

The workshop was designed by the researcher who is a registered nutritionist and former firefighter
and mesamanager. Workshop content aimed to deliver practical demonstrations based upon
transferrable concepts which could be applied to various commomiguoed fire station meals.

This conceptual approach was chosen to provide optimal benefit, instead of simply demonstrating

several healthy arbitrary meals which may be cooked relatively infrequently. In preparation, the
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researcher purchased all ingrediemégjuired to run the workshop from a local supermarket.

Participants arrived at the mess kitchen at 10:30hrs and were greeted with refreshments

(tea/coffee). Instead of sucrose, low kcal sweetener was provided for those who preferred sweet
tea/coffee. Thisvas done in an attempt to encourage the masanagers to provide low kcal/nen

nutritive sweetener for their watches, as tea and coffee are regularly consumed at fire stations,

therefore presenting a key opportunity to reduce the free sugar intakes of dodleagues. This was

explicitly explained to the participants during this informal introduction to the workshop, and

provided the opportunity for the researcher to highlight the first of several available opportunities

for simple environmental modificain and choice architecture that messanagers have at their

disposal in order to improve the health of their colleaguBse researcher then reiterated that the

aim of the workshop was not to patronise the participants by teaching them how to cook, but

instead to impart some basic nutritional concepts which will help improve/maintain the health of

their watches. Furthermore, the researcher appreciated that the participants may be able to educate

each other in terms of healthy, efficient meal preparationsfsh, positive interaction from all

participants to share knowledge and experience was encouraged, as was participation in terms of
assisting the researchéw prepare the demonstrated meals. This promoted active learning, which

has been shown to be moeffective than passive learning for improving knowledge acquisition and
retention (Angelo, 1993). This approach also took advantage of the team dynamic which is

characteristic of the firefighting watch structure, théeT 2 a G SNA Yy 3 | WO2YYdzyAide 2°
F LILINR F OKQ> |a OKFNIOGSNRASR o0& [FDS FyR 2SyaSNJ 6
for deep learning, which occurs through interaction with others in family, workplace and education
settings. The shared understandings which emerge from e@djon toward common goals is the

olFlara 2F (GKAA WwWO2YYdzyAaide 2F LINF OGAOS | LILINRIF OKQ®

All recipes which were demonstrated during the workshop were designed by the researcher and

feature within a thirtythree-LJ- 38 0221 SNE 6221 Sy i hishiwaRvritteh by | £ § K@
the researcher (seappendix6.4). The LFB print services department provided hard copies for the
researcher to hand out to each messnager, which wagrovidedat the conclusion of the

workshop. At postvorkshop intervention followup engagements within the parent studghapter

7), watches were asked how many of the recipe book recipes had been attempted by the mess
manager. Recipes within the book and workslpopmoted use of whole grains; portion size
reduction;inclusion of more fuit and vegetables within meals, reduced intake of free sugars,

saturated fat and salt, and promotion of fish whilst reducing red meat intAKslst demonstrating

each meal, the researcher interspersed the workshop with pertinently timed educationakgoint

reinforce the underlying scientific nutritional concepts which were introduced during the previous
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group education PowerPoint presentatiocse€Chapter 7). This was communicated in lay terms to
avoid confusion and enhance participant comprehensio. Wiarkshop followed the following

format (recipe ingredients and cooking methods can be fourappendix6.4):

1) Introduction: Convey that | am not going to shtdvem how to cook, but hopefully | will
impart some basic nutritional concepts which willp maintain the health of their watches.

2) Demonstrate anasala onelete and pass wound to taste(p. 5 of Appendix 6.4)

3) Demonstration of making a pasta sauce from sdraganphasising the free sugars, salt and
fat found in most jars. Cook wholemeal pasta (wholegrain promotion) and offer around to
taste. (Show portion control utilising standard mess utensils for easy portioning).

4) Explain the importance of switching to wkgrains. Cook mushroom rice as an example of
making brown rice more palatable plus adding more vegetables and health promoting spice.
Use this opportunity to show correct carbohydrate portion control and to highlight that
firefighters only achieve half theecommended fibre intakeséeChapter 5. Pass around to
taste. (Show portion control utilising standard mess utensils for easy portioning).

5) Tea break witllow kcalsweetener taste test. Reinforce the recommended free sugar limits.
Have a fruit bowl to deonstrate healthy snack alternatives.

6) Make sweet potato medallions, promoting them as a healthy alternative to chips. Use this
opportunity to administer a blind ketchup taste test utilising 50% reduced sugar and salt
ketchup vs regular ketchup.

7) Demonstratesalmon fish cakes, emphasising the importance of incorporating oily fish once
per week where feasible and reducing saturated fat as much as possible.

8) Conclude with handing out recipe booklets, participant feedback forms and reinforcing the

position of responsibility mess managers have toward the health of their colleagues.

Dietary analysis

[daly
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dietary analysis software (Nutritics, 2018ptails of which are iGhapter 2

Statistical analyses

Data were imported into IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, N.Y.,

USA). Messnanager age and length of service were assigned as continuous variables and reported
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as mean (SD). All mess food enmniment variables were assigned as dichotomous nominal variables.
CAaKSNRa SEIFIOG (Saita 6SNB dzaSR G2 RSGSOG ol &asStaAy
were carried out for each mess food environment variable to identify a change over time eatttin

group. When a change was detected, phst McNemar tests were undertaken to identify at which

point(s) in time the change(s) occurred. Following Bonferroni correction, significance was defined by

p<0.017.

6.3.Results

The mean (SD) age of the paipating messnanagers was 45.2 (7.0) y, and the mean (SD) length of
fire brigade service was 18.9 (6.4) y. Baseline mess characteristics of the study sample are displayed
in Table 6.2, showing homogeneity between the intervention and control group. T&l8eisplays

the changes within the intervention group food environments over time, identifying significant
improvements in portion control strategiesholegrain usagand homemade soups/sauces. Table
6.4displays the changes within the control group foodriemnments over time identifying no
significant change. Ninmonth data was collected for half of the intervention watches and an
insufficient number of control group watches due to the Cal®dglobal pandemid6 of the
participants reported maximum sces (5 out of a possible 5) for both items on their workshop
feedback forms. The remaining participant reported 4 out of 5 for both items (see appendix 6.5).
Following the messnanager workshop, intervention group mesgnagers reported attempting a

medianof three recipes from the cookery book.

Table6.2. Baseline fire station mess characteristics

Intervention group mes$1=16 Control group mess=13

n (%) n (%)
Smaller plates used 0 0
Leftovers in kitchen 2 (13) 4 (31)
Fruit bowl 4 (25) 4(31)
Low kcal sweetener 0 0
Low sugar/sodium products 1 (6) 2 (15)
Wholegrains 2 (13) 2 (15)
Homemade sauces/soups 4 (25) 3 (23)
Oily fish 2 (13) 1(8)
Added vegetables 2 (13) 5 (38)

No significant differences were detected between groups.
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Table6.3. Changes in intervention group mess environmentsl )

Baseline 1 Change 4 Change 9 months Change
month  from months  from (n=8) from

n (%) n (%) baseline n (%) baseline n (%) baseling
Smaller plates 0 6(38) +6 8 (50) +8* 4 (50) +4
used
Leftovers in 2 (13) 9 (56) +7* 12 (75) +10* 6 (75) +5
kitchen
Fruit bowl 4 (25) 531 +1 6 (38) +2 3 (38) 0
Low kcal 0 2(13) +2 4 (25) +4 2 (25) +2
sweetener
Low sugar/sodium 1 (6) 3(19) +2 7 (44) +6 4 (50) +3
products
Wholegrains 2 (13) 7(44) +5 13(81) +11* 5 (63) +4
Homemade 4 (25) 6(38) +2 12 (75) +8* 5 (63) +3
sauces/soups
Oily fish 2 (13) 2(13) O 5(31) +3 3 (38) +2
Added vegetables 2 (13) 3(19) +1 3 (19) +1 2 +1

*Significant difference from baselingBased upon a different baseline for this subsample.

Table6.4. Changes in control group mess environmentsl3)

Baselinen One month  Change Four months Change
(%) n (%) from n (%) from
baseline baseline
Smaller plates used 0 0 0 0 0
Leftovers in kitchen 4 (31) 7 (54) +3 5 (38) +1
Fruit bowl 4 (31) 3(23) -1 4 (31) 0
low kcal sweetener 0 0 0 0 0
Low sugar/sodium 2 (15) 3 (23) +1 3(23) +1
products
Wholegrains 2 (15) 5 (38) +3 4 (31) +2
Homemade 3(23) 4 (31) +1 5 (38) +2
sauces/soups
Oily fish 1(8) 3(23) +2 2 (15) +1
Added vegetables 5 (38) 4 (31) -1 4 (31) -1
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6.4.Discussion

This is the first UK study to assess the feasibility and efficacy of a fire station Kitabeth mess
manager cookery workshop. The eday workshop proved to be well received, highly feasible and
elicited significant improvements in portion control stegies;increased use of wholegraiasd

homemade soups/sauces.

Feasibility

Ninety four percenpf the messmanagers invited to participate in the workshop enrolled in the
single session, low intensity workshop. This is a much greater enrolment rate than reported by the
most comparable study (FFIRE) which wag 36% (Goheer, 2017). This contrasayrbe due to the

FILOG GKIFIG GKA&a aiddzRéQa aiay3atsS asSaarzy 02271 SNE

FFIRE which ran six workshops outside of working hours. This is consistent with previous research
finding that intervention programmes whidhke place outside of working hours present a barrier to
participation(Kilpatricket al., 2017; Sargerdt al., 2018) The participating mesmanagers were

four years older than the average firefighter in England (Home Office, 2019), with around four years
more fire brigade service compared with tharentstudy samplegeeChapter7). These differences
reflect an unofficial timehonoured convention within the LFB whereby more experienced

firefighters generally assume/inherit the role of mesanager(knowledge derived from the
NB&SHNDOKSNRE SE LISKR iSlikehdbe duk o kha fyingdibkréfits[associated with
the added responsibility, which include a slight pay enhancement along with exemption from some
training activities, and exemption from having to work at other fire stations when they have a
personnel deficiacy. As such, the reasons for assuming the role of amessager may not primarily

be driven by enjoyment of cooking. When coupled with the absence of nutrition or culinary training,
these cultural nuances are likely to have contributed to the establisthedagenic food

environment within fire stations, and the quick/easy options such as reaalye ultraprocessed

foods i.e. jars of cooking sauce which are a common feature of fire stationkibetssns These

cultural observations are consistent with US#& Bervice research highlighting that the fire station

food environment is dictated by tradition and particularly resistant to chaidgénkeet al., 2012)

g 2
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intervention, which was approved in the midst of organisational cultural faangtion which the

LFB was undergoing by command of the recently appointed commissioner. The intervention timing
also coincided with the recent implementation of mandatory periodic fitness testing for firefighters,
all of which may have incentivised paipation in a health promotion intervention such as a mess

manager cookery workshop. The factor deemed most importaiveercomeresistance, was the
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temporal placement and timing of the workshop, which was subsequent to the parent intervention
(seeChapter 7), which built rapport and trust between the messanager and researcher, garnering
participant enthusiasm for more practical education. Indeed, the high level of enrolment and the
overwhelmingly positive participant feedbadeé appendi%.5) was reflective of this cultural shift.
This is consistent with the FFIRE study which reported the cookery classes to be the intervention
component receiving the most positive feedback (Goheer, 2017). The high level of enrolment,
participant engagement angositive feedback from the workshops indicates a highly feasible

intervention component.

Baseline mess characteristics

Over 80% of firefighters in the parent study of this interventiGnapter 7) were mess members.

This is a greater proportion of persogircompared with the FFIRE study which reported less than
70% mess membership (Goheer, 2017). The Ukirhdl firefighter shift system follows a four on,

four off pattern (two day shifts followed by two night shifts followed by four days off). This dictat
that for the vast majority of firefighters, approximately half of their total dietary intake occurs on
duty. The baseline mess food environment characteristics show that there was plenty of scope for
improvement across all nine parameters. These obesiogeaseline results are consistent with USA
fire station food environments (Haddoek al., 2011; Dobsomet al., 2013) and may account for some
of the poor dietary behaviour characterisedGhapter5, and furthermore may partially explain the

high levelf firefighter adiposity which are characteriseddnapters3 and 4.

Mess modifications

The results indicate that messanagers were indeed willing to change and simply needed expert

guidance to do so in a feasible manner. This is consistent with forenasearch for a health

intervention at a corporate plant, which identified participants to suggest that education on how to

cook healthy meals would provide the most feasible and effective nutrition intervefiiiilsonet

al., 2007) Furthermore, this is consistentith FFIRE which resulted in its cookery workshops
FGGFrAYAY3 | YFEAYdzZY LI NGAOALI yid FSSRol O] NI GAy3
reduction and portion control strategies were an overarching theme of the intervention, which can
account forthe significantly increased posttervention reinstatement of smaller plates along with

leftovers being left off the plate. This is particularly important for firefighters due to research

indicating excessive meal portions to be the cultural norm atsfiséions (Haddockt al., 2011;

Dobsonet al., 2013). These suggested modifications may also have contributed to the reported
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decreased energy intakedeChapter7), which is consistent with a review of worksite programmes
which provided evidence fahe efficacy of environmental modifications upon dietary intake

improvements (Engberet al., 2005).

Another overarching theme of the intervention was the emphatased upn cooking from scratch

thereby reducing intake of ultrarocessed foods. Saus®ases for commonly served mess meals

such as pasta and curry dishes were the focal point, as a simple pasta sauce cooked from scratch can
be applied to many pasta dishes. This was demonstrated live in the workshop to positive feedback,
and the several auy dishes included within the supplementary cookery book were also well

received and reportedly cooked regularly following the workshop. Again, the speed and simplicity,
cost effectiveness and palatability were all factors which can be attributed taitim#ficant

improvement, as these factors are common drivers of firefighter food choice (Datsdn2013).

The general reaction from the participants was surprise at how quick, simple and inexpensively

delicious food can be prepared to taste better tha readymade equivalent product.

The most profound improvement was observed in wholegtsiage The69% improvement

between baseline and postorkshop can be attributed more so toward the workshop, and the low
baseline intake is reflective of existingriers to increasing wholegrain intake among the UK

general population, including confusion in terms of which foods constitute wholegrains, how much
to consume, the health benefits of whole grain consumption, lack of knowledge on how to prepare
wholegrairs, acceptance of wholegrain organoleptic properties (i.e. taste and texture) and media
propagated negative perceptions regarding starchy carbohydi@ebinson and Chambers, 2018)
Most of these barriers were addressed within the parent intervention classroorimge@hapter7),
however, the barrier of organoleptic properties is a major hurdle given the importance attributed to
taste and texture as drivers of food choig&ark, 1998)with food appearance also influencing taste
perceptions(Hurling and Shepherd, 2003Jhese barriers were addressed within the kitchen
workshop byimproving the palatability of wholegrain pasta by cooking it a little longer to give a
softer texture (closer to refined pasta texture), followed by coating it in the homemade pasta sauce.
A similar process was followed when demonstrating wholegrain bragen changing the colour to
yellow using turmeric, along with adding flavour and vegetables using cumin seeds and mushrooms
6aSS WYdza Kappeads.ANBoh $eliped yelded positive participant feedback in terms of
organoleptic properties, whicmay account for the significant increase in pagirkshop wholegrain

usage.

Although oily fish intake did not change significantly, theioh 3y A FA Ol yi Ay ONBIF &S Ay

fish is likely due to the final recipe which was demonstrated, whichhgited to overcome a
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common barrier to oily fish consumption, making it taste less potent using herbs and spices. This

gl a Fta2 LI NIGAOdzZ I NI & ¢Sttt NBOSAOSRE 4AGK F O2Y)
RARY QU GKAY(l UGKKIGQE A3 BRE & Hd @ratecls afeifoliifiiy G A £ OF N
derived omegeB fatty acids was reiterated by the nutritionist during the recipe demonstration by

reinforcing the exposure firefighters face in terms of vascular problems and a greater M$kTdfe

lack of significant change could be due to taste preference i.e. if just one mess member refuses to

eat oily fish, the mess manager is unlikely to serve it on a regular basis. The same issue can apply in

the family household environment. The reselaer attempted to overcome this at the individual

level by recommending tinned oily fish as a light meal for the firefighters who enjoyed oily fish but

refrained from consuming it due to family members not wanting it.

Adding vegetables to dishes did ndiange significantly which is consistent with the parent
intervention study results indicating a lack of improvemimthis food grougseeChapter7). This

may be due to the predominantly male sample, as there is evidence to suggest that men can find
vegetable intake more difficult to improve compared with other food groups (Ceitiat, 2011)

and is consistent with the most comparable firefightiéetary intervention (Goheer, 20).

Implications for practice would be to demonstrate a dish within future workshops which
encompasses more vegetables i.e. the bean chilli within the mess cookerydssoépendi®.4).

This could also help to replacemnse red meat whilst improving phytonutrient and fibre intake

The observed increase in low sugar/sodium products and low kcal sweetener could be partially
attributed to the blind ketchup taste test which elicited a general consensus that the reduced

versian was more palatable. This employed choice architecture and nudge tfiEoajer and

Sunstein, 2008)particularly as table sugar was not available to sweeten teas/coffees consumed
throughout the workshop. Although not reaicly statistical significance, this resulted in 25% of the
messmanagers providing low kcal sweetener for their watches following the workshop, and a 38%
increase in the purchase of low sugar/sodium products. This is consistent with the significant dietary

improvements observed on an individual basis in the parent intervention sthpter 7).

The workshops were a component of the parent study intervention, and due to the timing of the
workshop relative to the parent intervention, changes after one morh loe attributed to the
parent intervention, however, the significant mess environment changes generally occurred post

workshop, suggesting the workshop to have elicited these beneficial changes.
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Strengths

This is the first UK study to creatmplement, and evaluate the feasibility and efficacy of & fire
station kitchenrbased cookery workshop for messanagers to improve the food environment for

firefighters. This adds to a paucity of evidence for firefighter dietary interventions.

The interacive session format in terms of active engagement both verbally and physically may

partially account for the overall success of the workshop by utilising active leafiiage were

suggested as mediating mechanisms for the successful outcomes of the Phtitéyivithtion trial

(Ranbyet al., 2011), and are likely to have contributed to the successful outcomes of the current

study.¢  aGAy3 GKS RSY2YyailiNlI SR T22-RyYQf AZRSFIO2 dANI AER
used to successfully overcome the barrié organoleptic properties (i.e. taste and texture)

(Robinson and Chambers, 2018he recipes were also designed to be low cost and low burden in

terms of speed, simplicity and minimal ingredients, all of which is likely to have further encouraged

the messmanagers to recreate them due to their suitability to the fire station food environment

(Jahnkeet al., 2012;Dobsonret al.,, 2013). Whilst the median of three recipes having been attempted
postworkshop is a positive sign, it should be noted that, followingwiekshop, one mesmanager

was cooking almost exclusively out of the recipe book providpgdndix6.4) to positive feedback

from his watch. Another meawmanager asked for two copies of the book so he could use one at

home. These are encouraging signdiB Ny a 2F (KS 06221 Qa dziaftAadesz &dza

intervention component.

The size of the group which comprise® Bnessmangers per workshop may also have contributed

to successful outcomes, as this created rapport, cohesion and a strong groamidywhereby

everyone could be involved and play their part in a community of practice approach which can be an
effective method of group learning as characterised_bye and Wenger (1991I0his is consistent

with a review of effective components of nitton education interventions, finding participatory
interventions to have a significant beneficial effect on dietary modification (Sethaly 2006).
Participants of a previous cookery class intervention study attributed the success of the programme
to its social nature, as it was conducted in small groups involving subject participation (Ababtt
2012), suggesting that group size may be importardeed, small intervention activity groups have
been suggested as being beneficial for firefightarmeng (Ranbet al., 2011).This informed the

decision not to exceed six participants per workshop within this study, which ran smoothly and

cohesively, producing unanimous positive participant feedbapkgndix6.5).
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The combination of attributes possessed by the researchernahdhe session includes extensive

experience as a former firefighter, a former masanager and a registered nutritionist. This

enabled effective communication and empathy with the participants who have the difficult task of

catering for ademandingwatc® ! & adzOKX GKS NBaSI NOKSNR& ydzi NA G

provide practical solutions to very specific challenges faced by-masgagers.
Limitations

The sampling strategy for this study was not random, and instead involved fire stations being
assgned by the researcher. The high level of enrolment and low level of active dropout helped
decrease selection bias and increase representativeness. Indeed, every effort for obtaining a
representative sample was made by ensuring an even spread of urbasubndan fire stations
within each group, along with homogeneity of workload in terms of no significant difference in
emergency call volume between groups. The clustartrolled condition was necessary to minimise
the chances of group contamination, assathe distance between intervention and control group

stations.

Although significance was only reached for four of the nine parameters, all nine were heading in the

right direction. The lack of significance could be due to a small sample size for tlyislstsid
AYLRNIFYyG (2 y26S GKIFG FfGK2dAK GKS alyLkx S aal s
translated to approximately ten personnel per mess, therefore the changes which were detected

benefited many personnel. Another limitation is the lack afadcollected at nine months from

baseline which would have provided evidence of intervention durability. This was an extenuating
circumstance caused by the Co\ifl global pandemic, therefore future studies with larger sample

sizes over a longer duratia@re required to fully realise the potential lostigrm impact of mess

manager workshops.
Conclusion

The messnanager workshop generated overwhelmingly positive participant feedback and showed
efficacy for improving the fire station food environment. Thisdy demonstrates that a low

intensity, highly feasible worksite cookery workshop is ready for organisational rollout.
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Chapter7. A fire statiorbased, multicomponent, dietary and lifestyle
intervention to improveor maintain firefighter health

Overview

This study describes the development, implementation and evaluation of a-caufibonentfire
stationtbased nutrition and lifestyle interventiocomprisng a thirty minute WHutrition and healtif2
PowerPoint presentation (group education) and a twemtiypute faceto-face personalised nutrition
consultation. Intervention content focused on portion control strategies, promotion of the
Mediterranean diet, environmental modification, and education nefijag risk factors fonutrition-
related norcommunicable disease$he efficacy othe intervention was tested in a cluster
controlled trial. At four months postintervention, significant improvements were observgu<
0.01) in daily mean intakes of emgr (244 kcal), total fat-(2 g), saturated fatty acidssg), sodium
(-311 mg), sugars, preserves and snaek8 §). This contributed to concomitant mean body
composition improvements in fat mas kg), BF%1.7%), WC-1.7 cm), weight-0.7 kg), BM(-0.5
kg/m2), mood (+0.9) and energy level (+1)e intervention group also maintained stable muscle

mass during th@bservedweight losscompared with the control group increasing in WC (+1.9 cm).

7.1.Introduction

Diet and nutrition have overtakesmoking as the leading cause of rlmmmunicable disease
globally(GBD 201Risk Factors Collaborators, 2018)d obesity is costing the global economy an
estimated 1.573 trillion pounds annuallyremmelet al,, 2017) It has been well established that
excess adiposity can be detrimental to the physical health and fitness of hydakisen, 20%).
Overweight and obesity is also likely to overburden the NHS assvie wider economy. This
amounted to an NHS cost of £4.2 billion in 2007, as well as indirect costs estimated at £15.8 billion
due to approximately 16 million lost working days arising from overweight/obesity associated sick
leave (Van Duijvenbodst al., 2009; Foresight, 2007). When obesity affects emergency service
workers, the stakes are high, as due to impaired physical fithess (Michaelides, 2011; Veilldbrd
Mpdpd GKSE& NB O2YLINRYA&AAY3T LISNE2Y Il HeysaerveF StGié s (K
(Moore, 2003).

Ny

The overweight and obesity epidemic has not avoided the fire service. Muair(2012)
investigated overweight and obesity in a cregstional sample of UK county firefighters. The

proportion of overweight firefighters was maa®d to be greater than prevalence within the UK
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general population in 2008, with 65% of firefighters classified as either overweight or obese. A
significant rise in obese firefighters of 2% was measured in the same cohort three years later, with

the reseachers suggesting that obese firefighters could benefit from weight loss advice (Btunir

aY HAMHO® CA@S @SINAR fIFGSNIGKS !'YQa FANRG FTANS
intervention pilot trial was conducted. This indicated that a lowdaur and low intensity fire station
intervention was highly feasible, could significantly improve dietary behaviour and result in

significantly improved body composition of firefighters (Lessons and Bhakta, 2018). Limitations of

this study included a smalample sizen=38), brief duration (one month), the absence of a control

group for measuring dietary intake, and statistical tests which were not able to analyse the

interaction between time and group. Questions therefore remain in terms of scalabilitgthiity,

robustness and efficacy, all of which warrants further research.

There remains a relatively small evidence base for UK firefighter obesity compared with research
conducted in the USA, which has quantified88% of firefighters to be overweightibese and

struggle with maintaining physical fithess, demonstrating significantly less cardiorespiratory fitness
and strength than firefighters of a healthy weight (Clerlal., 2002; Donovaset al., 2009;

Tsismenakist al., 2009; Postomt al., 2011). This poses a huge problem, as research by Tietney

al. (2010) showed aerobically unfit firefighters to be at 90% increased risk of suffering a myocardial
infarction (MI) compared with aerobically fit firefighters. Indeed, coronary heart dis@gid®) and

MI are the most common causes of-daty death in the US fire service with a prevalence of 45%
(Tierneyet al., 2010), which is more than double that of-daoty paramedics (11%) and police (22%)
(Postonet al.,, 2011). Whilst overweight and obegitre risk factors for CHD and M, a further-job
related exposure has been identified, showing extremely high temperatures experienced by
firefighters to impair vascular function and increase risk of thrombogenicity (Hentr, 2017).

This could compaud risk, aobese firefighters are less exercise tolerant and more susceptible to
heat stress consequences (Donoghue and Bates, 2000; Chung and Pin, 1996). Whilst a combination
of exposures elevates risk of firefighter Ml and CHD, it becomes all the racessary to address

the modifiable risk factors such as dietary behaviour, overweight and obesity. This may be all the
more challenging for this occupational group sésep interruption is an integral feature of

firefighting shift systems, and has beemkizd with metabolic dysregulation (Knutsseinal., 2007)
possibly directly contributing toward obesity and typeliabetes (Knutson and Van Cauter, 2008).

Qualitative research by Dobse al. (2013) investigated associations between an obesogenic
occupatonal environment and behavioural drivers of US firefighter overweight/obesity, identifying
five themes which contribute to this occupational group suffering one of the greatest

overweight/obesity rates. The themes wegeculture of overconsuming energgiense food in
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excessive portions during mealtimes; sleep interruption from nocturnal emergency calls; a lack of
supervisor encouragement regarding physical fithess/fire station gym usage; Sedentary work when
not responding to emergencies or engaging inrirag on the drill ground; and generational

influences.To date, several fire statiebased nutrition and lifestyle intervention programmes have

been conducted in the USA on larger samples of firefighters over longer durations compared with

the pilot trialby Lessons and Bhakta (2018). These yielded varying levels of efficacy and are reviewed
in Chapter 1 Future interventions could benefit by factoring these themes into a programme.

Informal discussions with firefighters who participated in the UK firédigpilot trial by Lessons and
Bhakta (2018) indicated that these same themes are likely driving the overweight/obesity

LINB Gt SyOS AYyRAOFGSR Ay 'Y FTANB ONARIIRSad ¢KAA
experience of seventeen years as atfer fulktime firefighter.

Annual health surveillance systems are available for US firefighters {flegety for UK firefighters)

to monitor BMI, blood pressure, adiposity and cardiovascular fitness. Whilst occupational health
providers use these opportities to identify and counsel overweight and obese firefighters both in

the UK and the USA, a recent USA study concluded that, similar to other studies, little benefit is
yielded from low intensity weight loss counselling of firefighters, and that funtkeearch is

required to identify feasible and effective weight management strategies to address firefighter
obesity(Brownet al., 2016) Furthermore, 71% of USA firefighters do not follow any specific dietary
plan, and 68% of firefighters feel they receive insufficient nutrition information despite 75% of

firefighters being interested in learning more about healthy ea{Bpwnet al., 2016)

The overweight and obesity crisis is on the increase. Over 75% of USA recruits start their careers as
overweight/obese (Tsismenakés al., 2009), andkvidence indicates that firefighter

overweight/obesity prevalence increases over time (Soteriaded, 2005; Glueckt al., 1996; Ide,
2000; Daviet al., 2002).This evidence base supports the urgent need for interventions of high
efficacy to addresthe modifiable risk factors that excess adiposity poses to firefighters and the
public they serve. The high and evrcreasing prevalence of overweight and obesity in the LFB,
which is comprehensively characteriseddmapters 3 and 4eeds to be addressewith a feasible,
effective and scalable intervention programme tailored for this occupational group. The aim of this
study was to test the feasibility and efficacy of a low burden, low intensity nutrition and lifestyle
intervention for firefighters. Thebjectives were to test whether a developed version of the 2017
pilot trial (Lessons and Bhakta, 2018) would improve dietary behaviour and body composition on a

larger sample of firefighters overlangerduration.
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7.2.Methods

This was a prospective clusteontrolled trial. The sample comprised ftithe firefighters from

twelve LFB fire stations (seven intervention stations and five control stations). Participants were
recruited on their day shifts from June to November 20L8inty scheduled fire station engagements
which the researcher planned in advance. Stations were chosen for inclusion based upon their
geographical location and emergency call volume, aiming for homogenous workload between
intervention and control group stins and an even geographical distribution of urban and
suburban stations to attain representativeness. Group allocation wasqiexted at the station

level (cluster controlled), with the intervention and control groups separated geographically to
reduce the risk of group contamination, or in other words, intervention group stations and control
group stations were a sufficient distance apart to reduce the risk of participants from different
groups meeting and discussing their heterogenous treatment.idfaants were therefore blind to
group allocation as far as possible. Tahledisplays the geographical distribution of stations and
the number of study participants from each. This ranged frehY Darticipants depending on

attrition and the availabili of personnel during the study period due to prior commitments such as
scheduled skills training, fire inspections etc. Attrition was due to participant absence at-fgilow
(as opposed to actively dropping out). Reasons for absence at fafjawcludedbeing on leave, on

a training course, attending an emergency incident, detachment to another fire station, transfer, on
sick leave or retirement. This explains the varying numbers of participants from each station
presented inTable7.1, amounting to a samle size 0h=89. A poshoc sensitivity analysis revealed
that this sample size was large enough to detecteaimmS F F SO G & A # .60) with 2p&viey Q a
of .80 and an alpha error of 5% (tvt@iled). Only four participants actively dropped out fromet

study, thus constituting a negligible proportion of the sample. Exclusion criteria applied to
operational firefighters who were not fulime i.e. those who do not work both day and night shifts,

applying ton=4.Figure7.1 shows the participant flow ttough the study.
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Table7.1. Fire Station participant postings

Area description Intervention stations n (%)
Bethnal Green 11 (24)
Urban Millwall 4 (9)
Homerton 10 (22)
Dagenham 8 (18)
Suburban lIford 7 (16)
Walthamstow 3(7)
Plumstead 2(4)
Total 45 (100)
Control stations
Urban Edmonton 4(9)
Tottenham 13 (29)
East Ham 3(7)
Suburban Enfield 17 (39)
Hornsey 7 (16)
Total 44 (100)

Ethical approval

This study was authorised by an Assis@otmmissioner of the LFB (see apperdixandChapter 2)

and the London Metropolitan University School of Human Sciences Ethics Committee (see appendix
2.2 andChapter 2).The firefighters had the study explained to them in full, and those who chose to
participate were provided with a participant information sheet and informed signed consent was
obtained from each participant (See appetes2.3, 2.4 andchapter 2).
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Firefighters screened
(n=226)

Ineligible
Non-shift workers i=4)

Eligible firefighters
(n=222)

Declined to participate
(n=5)

\.

Station level cluster
allocation (n=217)

4 \

Allocated to intervention Group dlocation Allocated to control
groupand received and baseline data group n=104
intervention (n=113 collection

1\ J
4 )

Lost to followup (n=35H Lost to followup (n=37)
Follow-up data collection 1-month follow-up Follow-up data collection
(excluding dietaryintakes) (excluding dietaryintakes)

(n=78 (n=67)
\_ J

Lost to followup: n=33
Follow-up data collection [ 4-month follow-up ]
(all outcomes)(n=45

Lost to followup: n=23
Follow-up data collection
(all outcomes)(n=44)

Lost to followup: n=27
Follow-up data collection [ 9-month follow-up ]
(all outcomes) (=19

Follow-up data collection
(all outcomes)(n=4)

-

Non-dietary intake outcomes

[ Lost to followup: n=40

~N

Non-dietary intake

analysed at 1 and 4 months outcomes analysed at 1 and
(n=45)and 9 months (n=18). [ Analysis ] 4 months(n=44). Dietary
Dietary intake outcomes intake outcomes analysed at
analysed at 4 months (n=45) 4 months (n=44).
and 9months (n=1) Insufficiert 9-month data

Figure7.1. Participant flow through the study. Reasons for participant absence at folfowsits included:
being on leave, on a training course, attending an emergency incident, detachment to another fire station,
transfer, on sick leave @etirement. Four participants actively dropped out from the study. The study was
curtailed for some stations (precluding®®onth data collection) due to the Covi® pandemic.
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Selfreported measures

A onepage health, lifestyle and occupational historyegtionnaire $ee appendix.1l) was devised

by the researcheand administered to all participants at baseline to ascertain participant ethnicity,
professional rank, length of service, dietary and lifestyle behaviour at work and at home, smoking
status, unerlying health issues, mood and energy levels. TaBlsummarises the justification for
these questions. An abridged version of the same questionnaireafgaeendix7.2) was administered
at all followup engagements in an attempt to reduce participantden. This was similar but

omitted questions pertaining to ethnicity, rank, length of service, smoking status, shopping

responsibility at home and time of evening meal at fire station and at home.

Assessment of physical activity (PA) was conducted ullisiti KS W02y OAaS LIKeaaAolt
j dzSaGA2YYIFANBQ o6/ t! vo 6{ t73)BhiNishfgdeem{measuieNE H A mn 0

general physical activity which was chosen for this study for the following reasons:

i) It encompasses all forms of PA iilgl life as opposed to specific PA components such as

planned exercise sessions.

i) It measures PA over the previous month, which is long enough to represent typical PA levels

and short enough for accurate PA recall (Sliter and Sliter, 2014).

iii) Theitems (questions) were designed to be able to measure government PA guidelines which
are a component of the general information sheet (sg@endix 7.7 in this study i.e. the CPAQ
comprises separate items for measuring aerobic and resistance exercseatifibute thus enables

the researcher to identify certain PA deficiencies and subsequent adherence levels to specific

individual advice given.

iv) The brevity and ease of administration of the CPAQ minimises participant burden. This is an
important attribute considering the battery of measures which participants in the current study

were administered.

V) The CPAQ has previously been successfully utilised to measure PA in a sample of 305 USA
firefighters. The CPAQ scores were significantly negativelglated with physical health problems,

occupational burnout and absenteeism (Sliter and Sliter, 2014).

The newly validated Firefighter food frequency questionnaireRIF@)seeChapter5 and appendix

5.3) was utilised to assess dietary intakes at baseliour and nine months. Dietary assessment was
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not administered at the initial followap engagement, as oamonth was deemed to be too brief a

period between assessments and could overburden participants which could risk participant burnout
and attrition. Furthermore, the FIFFQ reference period is three months, therefore it is logical for a
minimum of three months to elapse between administratioBhapters describes the FFFQ and

its method of administration in detail. All data collection was condueted quality assured with

one researcher visiting af the fire stations, and handling the data.

Table7.2. Justification for the health, lifestyle and occupational history questions in appénidix

QUESTION JUSTIFICATION
The cumulative effect ofatturnalshifts (>20yrs) has
Years served? been positively associated withcreasedbesity rates

(Peplonskaet al., 2015).
Shift workers are more likely to smokempared with
Do you smoke? non-shift workers (Amelsvoorgt al., 2006; HSE, 2013)
Qualitativeresearchhasidentified a fire statiorfood
Are you in the watch mess (meal club) environmentof excessive portiosizes overnutrition,
ultra-processedoods and nocturnalsnacking Haddock
et al,, 2011; Jahnket al., 2012; Dobsoet al., 2013)
Forassesment ofthe level of influence thearticipant
Who does the food shopping at home’ has over household food choices. This information
helped to informpersonalisedadvice.
Underlying health conditions and/or  Foridentification ofany dietary or physical activity
injuries? limitations to appropriately inform nutrition and
physical activitrecommendations
This can affect quantity and quality of energy intake

Average energy level 1 (lowest) (Tasalet al., 2009), as well gshysical activity
10 highest)? motivation (Atkinsoret al., 2008).
Average mood level 1 (lowest) Depressie and anxietydisordershave been associatec
10 (highest)? with shift work (Harrington, 2001).

Nocturnalfasting periodof >11 hours have been
Time of evening meal at work/at associatedvith significant weight loss from reduced
home? energy intake (LeCheminaet al.,, 2013).

Seepdeprivation can beccompanied byncreased
Do you snack in the evening after final energy intake from snacks (Nedeltcheateal., 2009).
meal (a) on night shifts? (b) at home? This question also helps toform intervention advice.

Objective measures

Anthropometric and bodyomposition measurements

The following measurements were recorded for each study participant at baseline, one month, four
months, and for amaller subset of participants at nine months. This enabled assessment of short,
mid and longterm changes respectively. The objective measures which were collected/calculated

for this study included: height, body weight, body mass index (BMI), body fe¢mtage (BF%), total
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body fat (kg), waist circumference (WC), waist to height ratio (WHtR), fat mass index (FMI), skeletal
muscle mass index (SMMI). These measures provide a comprehensive picture of body composition
via weight category, total adiposityentral adiposity and muscle mass respectively (WHO 2008). All
measurements were carried out by the researcher and took place at the relevant participant fire
stations during allocated day shiftdeasurementprotocols and calculations are described in

Chapter 2.

The Intervention

The intervention comprised several main components including: rapport building, a nutrition and
health PowerPoint presentation, environmental modification, dietary and lifestyle assessment,
anthropometry and body composition analysis and personalisedtimtrconsultationsFigure7.2

illustrates the activity flow through the baseline engagement session including typical timings.

Intervention group Control group
4 ) 4
Rapport building and Rapport building and
study explanation study explanation
(10:30-11:00hrs) (10:30hrs11:00hrs)
\_ J/ \_
4 j j ) 4
WYbdzU NAUA2Z2Y Questionnaire
PowerPoint presentation completion (11:00
(11:0011:30hrs) 11:15hrs)

\ J

Questionnaire
completion (11:30
11:45hrs)

4 )

Body composition
analysis, questionnaire
screening and
personalised nutrition
consultations (11:45

\ 15:45hrs) j

Body composition
analysis ad
guestionnaire screening
(12:1513:15hrs)

Figure7.2. Activity flowthrough the baseline engagement session including typical timings.



Intervention components

Intervention components focused on fire station obesogenic environmental modification alongside
evidencebased nutrition, physical activity and lifestyle educatio a lowintensity and low burden

format. Intervention format and content was designed in alignment with pertinent Cochrane and

NICE evidence which is outlinedTable 7.3. Intervention content was also informed by the pilot

trial (Lessons and Bhaktagmy 0 = (G KS NB &SI NOKSNDa SsiatioBlifed A S  LINES ¢
along with informal discussions with groups of firefighters to gauge the baseline level of knowledge

For the session to run smoothly and to maximise firefighter participation, bgildipport between

the researcher and the watch was considered to be an important first step toward a successful

session for both intervention and control watches.

Initial rapport building and recruitment

Initial rapport building with the Intervention ancbntrol group watches typically involved the
researcher arriving at the scheduled fire station at 10:30hrs and introducing himself to the watch,
who were generally on a refreshment break in the watch mess at around that time of day. Following
the introduction, around thirty minutes was spent reassuring the watch that the study was
voluntary, that it was ethically approved and was subject to strict data protection and confidentiality
standards, therefore there would be no downside and they could only stabeénefit from

participation in the study. This helped to allay potential preconceived suspicion and concern of
potential repercussion to themselves. A common complaint from firefighters, both in the LFB and
the USA is the false positive error rate of 8#ll system (Chait al., 2016). The novel risk

classification system to emerge from the centiles stushe(Chapter4) was explained to the watches
who seemed to welcome a potential improvement upon the BMI system. This, along with informing
them that theoverarching aim of the intervention study was to ascertain how a nutritionist could be
of optimal use and benefit to the health and wellbeing of firefighters was also a welcome prospect,
all of which helped to build important rapport and maximise partioipacruitment. This was

followed by the groughased education component of the intervention.

() Nutrition and health PowerPoint presentatioseé appendix .4)

A thirty-minute PowerPoint presentation which was created and delivered live byefearcher to
teams of firefighters at intervention group fire stations during their day shift at the initial
engagement (baseline). Presentation content focused upon dietary behaviours and health related
outcomes. Topicwhich werecovered within the presntationincluded portion controlnutrients

and food groups including saturated and unsaturated fat, salt, free sugars, fruit and vegetables, fibre
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and wholegrains. The necommunicable disease epidemiology, basic mechanisms and outcomes

which were coverd included cardiovascular disease, obesity, atherosclerosis, coronary heart

disease, dyslipidaemia, hypertension, metabolic syndrome,-B/d&betes, cancer and mental

health. The lecture was partially interactive i.e. the researcher punctuated the éatutey points

by asking questions of the watch which were strategically designed to assess the current level of

relevant knowledge possessed by the audience. The questions were also designed to promote active
learning, which has been shown to be moreeefive than passive learning for improving knowledge

acquisition and retentioriAngelo, 1993)This approach also takes advantage of the team dynamic

GKAOK Aa OKINIXOGSNRAGAO 2F GKS FANBTAIKGAYI 41l GC
practicel LILINR I OKQ> | & OKIF NI OGSNAR&ASR o0& [IOS FyR 2Sy13
platform for deep learning, which occurs through interaction with others in family, workplace and

education settings. The shared understandings which emerge fromecatipn toward common

321 t&a Aa GKS olaira 2F GKAAa wO2YYdzyAide 27F LINI OGAC

A x4 A x

¢KS jdz28adAz2ya RANBOGSR (26 NR GKS 41 GOK o6& GKS N
and lifestyle behaviours would you associate with the accumulation offattef  LJt | |j dzZSa Ké 61 &
immediately after educating them on the underlying mechanism of atheroscleg@gsis A RS no0T &2 K
GeLls 2F FIra Ory O2y(iNROdzGS (2 GKAA LINRPOf SYKE oI 3
to atherosclerosiga f A RSK mMOK T22R& R2 @&2dz GKAY]l GKA& FlLid O2
after the discussion which followed the previous questight ARS nO0OT aLF &l (GdzNF G SR
YAYAYAASR Ay GKS RASGSE gKIG GelLlS 2F Fidd akKz2dzZ R N
immediately after the discussion which followed the previous questignf A RS no0® a2 KIF 0 RA
fAFTSadetsS 0SKIQA2dz2NE | FFSOU 0f22R LINBAAdINBKE 0O 3
underlying mechanism and outcomes of hypertengiatides7y 0 T &2 KAOK RASUGIF NB | yF
behaviours would you associate with the onsetoftype RAF 6 S SaKé¢ oFai1SR AYYSR
educating them on the underlying mechanism and outcomes of insulin resistgndeA RS GO T & h i K
than free sugars, there is aagile food which is consumed daily in Asia which may also contribute
G26FNR AyadzZ Ay NBaradlyoOoS AT 20SNO2yadzySRx Oly &
educating them on the definition, metabolism and safe intakes of free sugars A RS M 0T &2 KI
g2dzft R 0S | KSIFf GKASNI) ddzoadAlbdziAz2zy F2N) gKAGS NROS
followed the previous questiogd f ARS mMn 0T &/ y @2dz yIYS | LJ2 Lz I N
G2 LINBGARS YIEAYdzY KSI f (i KiordcSeduating thénkohthe | 81 SR A Y Y §
composition of the Mediterranean digga f ARS Mc 0T G2 KIF & OKFy3aSa O2d#Z R
12 KStL) NBRdzOS LERNIA2Yy aAl Sa FyR KSfLI G2 | @g2AR 2
them on the specific drivers of &fighter obesityg slide 20).
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The presentation also described the 2017 pilot trial and the positive feedback and efficacy it yielded
(slides 18, 19 and 21) (Lessons and Bhakta, 2018). This was followed by areas of nutritional science
that the researchecan help them with by answering any future questions (slide 22). The last two
slides explained the rest of the intervention process (slide 23), which involved the administration of
three questionnaires (see sekported measures), followed by body compdasit analysis and
personalised nutrition consultation. The final slide (slide 24) was left up on the presentation screen
to aid portion size conceptualisation of the more ambiguous food items within tHeFEFee

appendix5.3 Chapter5) whilst the partigbants completed their questionnaires.

(ii) Environmental modification

At key points during the presentation, recommendations were made in order to ameliorate the
established obesogenic effects of fire station life (Dobsbal. 2013; Haddoclkt al. 2011, Jahnkeet
al., 2013. Examples included: Introducing the concept dafiseating smaller food plates in the fire
station mess; Leaving meal leftovers in the kitchen and away from-agath; Switching over to
whole grains; Introducing the idea of a fruit bowl for snacking as opposed to refined high sugar
products; Fire statio gym usage whilst on shift. The nutrition related modifications were
subsequently reinforced to the watch messnager during their personalised nutrition consultation
(seeiii), via the provision of a papdrased aide memoires€e appendiX.5) which sugestedfour
simple modifications that could be easily introduced. These were: fruit bowl introduction; Leave
leftovers in the kitchen; Consider using smaller plates; Use wholegrains where possible. These
suggested modifications were reinforced and built upon furtbiill during messnanager
workshops ¢eeChapter6) This extra reinforcement was aimed toward mesanagers in particular
due to their greater level of influence over the food environment. This also included guidance
regarding substitution of nutrient podgnergy dense foods for healthier alternatives eagown rice
instead of whitejow kcal/mon-nutritive sweetener instead of sucroseholemeal bread/tortillas in
place of white alternativessalad with most mealgjsage of lowesaturatedfat, sugar andait
ingredients/meal components wherever possible. Tabedisplays supporting evidence for these

recommendations.

(iii) Personalised nutrition consultation

This was a on#-one session between the researcher and each participant in turn, which
commencel followingquestionnairecompletion. The session began with baseline anthropometric
and bodycomposition data collectiorQuestionnaires weréhen screened for missing data, with any
anomalies discussed with the participant before correction. At thistghencontrol group were

shown their body composition data whilst the researcher helped them to understand the data. This
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data wassecurelya | 3SR 2y Dahb &2F06F NS FyR RAALI @SR 2V

appendix7.6 for an anonymous exampleThis was then emailed to the participant and they were
also given a nutrition and lifestyle general information sheet, described in the following segjion (

(see appendix.7). A copy was also emailed to them for future/family use.

The intervention gsup went through the same stages as the control group in terms of data

collection and explanation of their body composition. This was then followed by screening of the

AYRAGARIZ £ Q4 (jdzSadA2y Yyl ANBE (2 ARSYyGKER LRGSYGAL

participant in terms of feasibility and was then translated into three to six recommendations/goals

whichwerehands NA GG Sy i GKS o620G2Y 2F GKS AYRAGARdZ f Q:

appendix7.7). These constituted personalised, indivally tailored goals for each participant to
facilitate health improvement and/or elicit body composition improvement. All advice given was in
alignment with the Mediterranean dietvhich has consistently been associated with improved

quality of life andeduced risk of NCO&arciaFernandezt al., 2014;Schwingshacldt al., 2017)

The Mediterranean diet has also been rated as the most acceptable healthy dietary pattern by USA
firefighters(Korre, Soto$’rieto and Kales, 2017)

LYRAQGARdzZ f tS@Sta 2F AYyGSNBSyGaAz2y 6SNBE RSNRA D
composition rislkclassifications and seféported data encompassing diet, lifestyle, sex and age. For
example, if the FFFQ revealed that a firefighter did not consume oily fish or a fish oil supplement,
they had the main health benefits of ome@datty acids explainetb them. They were then asked if
they knew what constituted oily fish and whether they found it palatable. If they did not, they were
recommended to consume a fish oil supplement. If they did find oily fish palatable, they were asked
how they might incorpoate two servings per week into their diet, thus empowering them to

improve their own health. This is a facet of motivational interviewing,(@ method which has been
shown to outperform traditional advice administration for eliciting effective behavatange in

brief encounters of fifteen minute@Rubalet al., 2005) If their FF-FQ also indicated they were
overconsuming red meat, fish was suggested as a healthy substitution. To avoid overwhelming
participants, small, simple dietary and lifestyle changes were suggested by tlaeatese as this

tried and tested behavioural change strategy has shown efficacy for establishing weighilyss
Chipperfield and Wardle, 2008)ossibly due to simpler changes becoming haitore rapidly

(Lallyet al, 2010) Once a pragmatic and feasible solution was reached and agreed upon, it was
written as a prompt at the bottom of their GIS. All data and subsequent advice/goals were

documented, copies of which were kept seely by the researcher (seéghapter 2).
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(iv) General information sheet (GIS)

All participants were provided with a GEppendix7.7) which comprised evidendeased

information on diet and physical activity recommendations along with sleep improvement

strategies, all of which is referenced with supporting evidencealle7.4. The information on the

sheet was covered in the preceding presentation and therefore reinforced and summarised learning

for the intervention group, however thisonstituted new information for the control group. The only

difference between the GIS given to intervention group firefighters and the GIS given to control

ANRdzZL) FANBTFAIKGSNA ¢l a GKS FNBF d GKS o@fd2y 27
which did not feature on the control group GIS. In addition to a hard copy of the GIS, all participants
GSNBE faz2z SYFAfSR Iy StSOGNRYAO 0O2LRB® ¢KS al yYS &
composition analysis report as well as an educatioveb link on food portion size guidandgritish

Nutrition Foundation2018. This educational reference contains downloadable PDF files which

show how to portion foods relative to hand size as opposed to the more burdensome option of

weighing foods. A siilar approachwas recently employed in a USA stumydohnson and Mayer

(2020)for helping firefighters to portion food appropriatelyo furthe encourage optimal fruit and

vegetable intake, and to enable firefighters to quantify their intake of fruit and vegetables in terms

of portions, a secondeb linkwas provideccomprising an infographic depicting portion sizes of

various types of fruits ahvegetables, and the healthy compounds pertaining to each colour fruit

and vegetable (BBgbodfood, 2017). Participants had the two links explained to them during the

one-to-one session and were encouraged to refer to the web links in their own timetidwdadly,

Intervention group participants were given an aide memoir listing healthy snack opéipper{dix

7.8), and email access to a registered nutritiorftee researcherjollowing the intervention.
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Table7.3. NICEand Cochrane adult welg management intervention criterizhichguidedthis

addzReée Qa

AYyadSNBSyGAaAzy

Intervention
component

Evidence basedriteria which guidedthe intervention

Tailored multk
component
interventions

-Focus on physical activity and dietconjunctionas opposed t@ddressing either
componentexclusively

-Weight management interventions shouldcclndestrategies toimprove dieairy quality
and behaviour; reduce energy intake; decrease inactivity anilfcrease physical activity
-Should have gtential for the intervention to bdranslatedto family members.
-Interventions should bpersonalisedand provideongang support. Discussions with the
individual regarding weight management optioesgppowerirg themto decide what may
work for them and what is sustainable.

Dietary

-Should focus on dietary improvement and energy intake reduction. Should also com
targetedrecommendationsdietary modification, goal setting and familyciasion
-Changeshould be tailored to preferred foods, individualised and flexible in approach
to energyintake reduction. The lonrterm goal should be a balanced diet.
-Theprimaryfocus for a weight loss approach should b&imment ofa negative energy
balance of600 kcal/day, or via lovgaturatedfat diets, alongwvith professional support
and followup are advised for lonrterm weightmanagement

Physical
activity

C20dza &a4K2dzZ R 6S 2y | OGAQGAGASAE GKFG St
or cycling), tailoring to individual circumstances and preferences.

-Should attempt to foster individual seif St A ST Ay | LISNA 2 yiah
persuasion and emphasising positive effects. Continuing support via written material:
be provided in person, by phone, internet or mail.

Outcome
measures

-The main weight management intervention outcome measure is overweight or obes
reduction, normally defined as BMI, with body weight being the key measure due to t
likelihood of height remaining constant.

-It should be remembered that modest weight loss can achieve significant health ber
0.51 kg of weekly weight loss should be calesed as a realistic target, along with a 5
10% total weight loss of baseline body weight over the intervention period.

-Diet improvement should be encouraged even in the absence of weight loss, to facil
other significant health benefits e.g. reduceancer risk.

-The same applies to physical activity for reducing CVD and type 2 diabetes risk.

General

LYGiSNBSyGAz2ya &aK2dzZ R FfA3dy AGK IF2HSN
NEO2 YYSyYyRI GalRa yexy Qi KiChakgaarie. I y R

-Interventions should be engaging, enjoyable and be easily accessible for the target
audience.

-NICE behaviour change guidance is relevant for obesity prevention interventions.
Evidence suggests enhanced effectiveness when people:

Feel optimisic/positive about behaviour change

Understand the impact of behaviours on health

Set action specific, time measured goals

Make a commitment to themselves to change

Plan changes in simple steps

Share their goals with others

Prepare for situations or eventhat may compromise change

= =4 -8 -8 4 -2 -9

(NICE, 204; Norriset al., 2005; Shawt al., 2006; Orozcet al., 2008, Swanton, 2008).
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Table7 4. General information sheet (GIS) nutrition advice content with justification

Advice given Justification
Eat aminimumof 5-a-day of various fruit angeg Risk of As recommended by Public Health England
all-cause mortality (death by any cause) reduces by 14' (2016) to reduce risk of CVD and certain

1-3 portions, 29%: -5 portions, 366: 57 portions and cancers. Supplementary advice: Oyebedal.
42%: 7 or more portions. (2014).

Include lots of fibre on your plate. Vegetables, fruits anc SACN (2015) recommends a DRYV for fibre o
beans will filyou up instantly. 30g/day based upon reduced disease risk.

Protein rich foods will help you to feel fuller for longer, Protein ingestion has beeassociated with

helping reduce the total amount of calories you consurr increased satiety which may facilitate reduce
energy intake (Paddedones et al, 2008).

Take a vitamin D supplement. 10 micrograms per day i As recommended by SACN (2016) to protect

recommended. muscle and bone health.

Reduce/exclude free sugars. Studies are showing free

sugars to be a main culprit for the metabolic syndrome, (Johnsa et al., 2007).

increasing risk factors for cardiovascular disease and ty

2 diabetes.

Reduce salt intake. Saficrea®s blood pressure which

increases risk of cardiovascular disease i.e. heart attac As recommended by SACN (2003).

and stroke.

Minimise/exclude junk/ultraprocessed food. Read labgls As recommended by Public Health England

salt and sugar are Hing everywheré (2016).

Avoid overeating. Studies show that appetite and calori

intake are not related. Eat from a smaller plate, or a (Holtet al., 2016).

smaller container if away from the home. Use the abow

picture template.

Limit alcohol intake to a maximum of 14 units per week As recommended by Department of Health

(males and femaleg)istributed evenly overkthree days. (2016).

Not eating or drinking anything except water after

7pm/8pm, until breakast may improve sleep duration (Yamaguchet al.,, 2013 Antelmiet al., 2014).

and quality. This is also likely to reduce weight.

Produced by Harvard School of Public Healtt

Centrepiece infographic: The Healthy Eating Plate. Evidence based advice in aasily accessible
form, in alignment with the Mediterranean
diet.

Dietary analysis

Nutrient and food groups were chosen for analysis based upon their relevance to the intervention
and human health. These included intakes of enecgghohydrate, protein, fat, saturated fatty
acids, monounsaturated fatty acids, polyunsaturated fatty acids, fibre, sodium, iron, calcium, vitamin

C, sugars, preserves and snacks, vegetables, fruits, fish and fish products.

The dietary analysis software éprocedure used to generate mean daily nutrient and food group

intakes for each participant is described in detaivapter 2 (dietary analysis).
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Statistical analyses

Data were imported into IBM SPSS Statistics for Windows, version 26 (IBM Cognk Axhy .,

USA). The distribution of all continuous data was checked for normalitynbionally distributed

data was log transformed to attain normality. The differences in mean annual emergenoutsall
between intervention and control group stations meanalysed using the independent samples T
Test. Fire station area description (urban/suburban), sex, ethnicity, job rank, smoking status, mess
membership, home food shopping responsibility, evening snacking at work and at home were
assigned as categoricaariables and presented ag%). Fire station group call volume, Age, weight,
BMI, BF (kg), BF%, WC, WHtR, FMI, SMMI, CPAQ score and all dietary intake data were assigned as
continuous variables and presented as mean (SD), with independent santptts ised to identify
baseline differences between the intervention and control groups in each of these variables. Mood
and energy levels were assigned as ordinal variables and presented as mean (SD), with Mann
Whitney U tests used to identify baseline difaces between the intervention and control groups in
mood and energyC A & K § NI & weSektise®td ideintyzbasdline relationships between the
intervention and control group in megssembership, home food shopping responsibility, evening
shacking at wrk and at homel 2 O K NJ t§58 fliowed by post hoc McNemar testere

undertaken to identify changes over time for each group in evening snacking at work and at home.
Mixed-design ANOVAS were carried out to assess the interaction between the irtiervand

control group over time (baseline, one month and four months) for weight, BMI, BF (kg), BF%, WC,
WHIR, FMI, SMMI, CPAQ score and each dietary intake vakableach of these variables, the

mean difference in group change (baseline to four mehthascalculated. Independent samples T
tests were then conducted to investigate potential differences between group changes.-Mann
Whitney U tests were conducted to investigate mood and energy rdiiifgrences between group
changesPost hoc analysesdped samples-tests with Bonferroni corrections) were then carried

out to identify differences within each group between baseline and one month, and between
baseline and four months. Friedman tests were conducted to assess the change over time (baseline,
one month and four months) in each group for mood and energy levels. Post hoc analyses (Wilcoxon
signed ranks tests with Bonferroni corrections) were then carried out to identify differences within
each group between baseline and one month, and betweeseliae and four months. Oneay

repeat measures ANOVAS were carried out to assess change over time (baseline, one month, four
months and nine months) within the intervention group subset18) in weight, BMI, BF (kg), BF%,
WC, WHItR, FMI, SMMI, CPAQ seor@ each dietary intake variable. Post hoc analyses (paired
samples itests with Bonferroni corrections) were then carried out to assess differences between

baseline and nine months for each variable. Friedman tests were conducted to assess the change
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overtime (baseline, one month, four months and nine months) within the intervention group subset
(n=18) in mood and energy levels. Post hoc analyses (Wilcoxon signed ranks tests with Bonferroni
corrections) were then carried out to assess differences betwseeline and nine months in mood

and energy levels. An alpha valuepaf 0.05 was used to identify statistical significance.

7.3.Results

There was no significant difference between the intervention and control group fire stations in terms
of mean annual emergency callit volume: mean (SD) 3017 (947) vs 3712 (1003) respectively (

0.05). Demographic characteristics of the study samplgesented inTable7.5, indicating

homogeneity across groups in sex, ethnicity, job rank and smoking status. The mean (SD) number of
years of service in the fire Brigade was 14.7 (8.2), with no significant difference between the two
groups p > 0.05).Talde 7.6 displays baseline age, anthropometric, body composition;reglbrted

physical activity, mood and energy ratings of study participants for whom data was collected at
baseline, one and four months. This shows heterogeneity between the two groepsifythg the

control groupto be of significantly lower weight and adiposity status compared with the
AYGSNBSYyGA2yY 3ANRdzLIP . 230K 3INRdzLJA KIFIR YSFyYy . alLa

g A

mean WHIR of the control group was on the borderlife o WK S f 6 K8 Q YR WKA3IK NAR:

AVISNDSYyGA2y INRdzLI 6SNB | NRPdzyR YARGLF® §KNRdIAK

Table7.5. Demographic characteristics of study participants

Variable Subcategory All (n=89) Intervention (n=45) Control f=44)
n (%) n (%) n (%)
Sex Men 86 (97) 44 (98) 42 (96)
Women 3 (3) 1(2) 2(4)
Ethnicity White 83 (93) 44 (98) 39 (89)
Other 6 (7) 1(2) 5(11)
Firefighter 71 (80) 35 (78) 36 (82)
Job Rank JO 11 (12) 6 (13) 5(11)
Sub/Stn O 7 (8) 4(9) 3(7)
Smokingstatus  Non-Smoker 81 (91) 40 (89) 41 (93)
Smoker 8 (9) 5 (11) 3(7)

Abbreviations: JO, junior officer; Sub/Sn Sub Officer or Station Officer. No significant differences were
observed pp > 0.05).
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Table7.6. Baseline Age, anthropometric, body composition,-sgiorted physical activity, mood
and energy ratings of study participants for whom data w@ltected at baseline, one and four
months.

Variable All Intervention Control Pvalue
(n=89) (n=45) (n=44) (Intervention vs
Mean (SD) Mean (SD) Mean (SD) Control)
Age 40.4 (7.8) 41.8 (8.4) 39 (7.0) NS
Weight (kg) 90.4 (14.7) 93.8 (14.9) 86.9(13.8) 0.020
BMI (kg/n¥) 28 (3.9) 29 (4.3) 27 (3.2) 0.012
BF% 22.3 (5.5) 24.2 (5.4) 20.4 (4.8) 0.001
BF (kg) 20.7 (8.2) 23.3 (8.9) 18.1 (6.6) 0.001
WC (cm) 92.5 (11.1) 96 (11.2) 89 (9.8) 0.001
WHIR 0.52 (0.06) 0.54 (0.06) 0.50 (0.05) 0.001
FMI (kg/m?) 6.5 (2.7) 7.2 (3.0) 5.7 (2.2) 0.003
SMMI (kg/rr) 9.4 (1.5) 9.4 (1.6) 9.3(1.5) NS
CPAQ score 16 (8) 14.6 (8.3) 17.0 (7.7) NS
Mood level 6.9 (1.7) 6.5 (1.8) 7.3(1.5) 0.029
(1-10)
Energy level 6.6 (1.5) 6.1 (1.6) 7.1(1.3) 0.001
(1-10)

Abbreviations: BMI, body mass index; BF, body fat; WC, waist circumference; WHtRowaight ratio; FMI,
fat mass index; SMMI, skeletal muscle mass index; CPAQ, concise physical activity questionnaire.

One and fowumonth changes

To detect changes ev time and between groups in anthropometry, body composition and physical
activity, mixed design ANOVAs were conducted, the results of which are displaygdaid.9. Table

7.9 also displaythe mean differences between the intervention and control gopathanges

(baseline to four months)he significant resultwarranted post hoc tests to identify changes from
baseline, the results of which are displayedables7.7 and7.8. These show significant reductions

in weight and adiposity status of the inteantion group, and significant adiposity increase within the
control group. To test changes in mood and energy level ratings (ordinal data), Friedman tests were
conducted, which revealed that over the feomonth intervention period, mood and energy levels
changed significantly for the intervention group (p < 0.001), but not for the control group (p > 0.017).
This warranted post hoc analyses, the results of which are displaykedbies7.7and 7.8, indicating
significant improvements in mood and energyhiit the intervention group but no significant

change within the control group.

Nine-month changes
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Mitigating circumstances led to insufficient data collection of control group participants, and a
smaller subset of data collected fimtervention group participants at nine months=18), which

was tested using onway repeat measures ANOVASs (continuous data), and Friedman tests (ordinal
data), the results of which are displayedTaible 7.10. These show significant changes in adipgsity
which warranted post hoc tests to identify changes from baseline, the results of which are displayed

in the final column offable7.7.

Table7.7. Intervention group changes between baseline, one month, four months and nine months.

Variable  Baseline 1 month Change 4 months Change 9 months Change

n=45 n=45 from n=45 from n=18 from
Mean mean (SD) baseline mean (SD) baseline mean (SD) baseliné
(SD)

Weight 93.8 92.9 (14.3) -0.9** 92.1(14.1) -1.7** 91.9 -1.5

(kg) (14.9) (14.5)

BMI 29 (4.3) 28.7(4.2) -0.3** 28.5(4.3) -0.5** 29.1(4.3) -04

(kg/m?)

BF% 24.2 (5.4) 23.0(6.0) -1.2** 22.5(5.8) -1.7** 229 (5.1) -2.1*

BF (kg) 23.3(8.9) 21.9(8.9) -1.4* 21.3(9.0) -2.0~* 22.2(9.1) -1.8

WC (cmf 96.3 94.8 (10.3) -1.5** 94.6 (10.3) -1.7** 95.9 -1.2
(11.1) (10.3)

WHtRP 0.54 0.53 (0.06) -0.0** 0.53(0.06) -0.01** 0.54 -0.01
(0.06) (0.06)

FMI 7.2(3.00 6.8(2.9 -0.4** 6.6 (3.0) -0.6* 7.1(3.00 -0.5*

(kg/m?)

SMMI 9.4(1.6) 95(1.5  +0.1 9.5(1.5) +0.1 9.6(1.2) +0.1

(kg/m?) ©

CPAQ 14.6 (8.4) 175(7.1) +2.9 16.6 (7.2) +2.0 16.3(8.8) +0.6

score

Mood

rating 6.6(1.8) 7.1(1.4) +05* 75(1.7) +0.9* 6.8(2.1) +0.6

(1-10)

Energy

level 6.0(16) 7.1(1.2 +1.1%* 7.2(1.5) +1.2* 6.7(1.8) +1.0

rating (1-

10)

2Based upon a different baseline for this subseno18 participants?n=44 due to missing dat&n=43 due to
missing data** Significant at the 0.01 level, * significant at the 0.05 level. Abbreviations: BMI, body mass
index; BF, body fat; WC, wa@tcumference; WHtR, waisb-height ratio; FMI, fat mass index; SMMI, skeletal
muscle mass index; CPAQ, concise physical activity questionnaire.
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Table7.8. Controlgroup changes between baseline, one month and four months.

Dependent Baseline n=44 1 month Change from 4 months Change from

Variable Mean(SD) n=44 baseline n=44 baseline
mean(SD) mean(SD)

Weight (kg)  86.9 (13.8) 87.0 (13.8) +0.1 86.9 (13.9) 0

BMI (kg/m?)  27.0 (3.2) 27.0 (3.2) 0 27.0 (3.3) 0

BF% 20.4 (4.8) 20.1 (5.2) -0.3 20.7(5.0) +0.3

BF (kg) 18.1 (6.6) 17.9 (6.9) -0.2 18.4 (6.9) +0.3

WC (cm) 89.0 (9.8) 90.1 (9.9) +1. 1+ 90.9 (10.1) +1.9

WHIR 0.50 (0.05) 0.50 (0.05) 0 0.51 (0.05) +0.0+*

FMI (kg/m?) 5.7 (2.2) 5.6 (2.3) -0.1 5.8 (2.3) +0.1

SMMI 9.3(1.5) 9.3(1.5) 0 9.2 (1.5) -0.1

(kg/m?)

CPAQ scorg  16.9 (7.7) 17.3 (6.0) +0.4 17.0 (7.2) +0.1

Mood rating 7.4 (1.5) 7.7 (1.6) +0.3 7.5 (1.6) +0.1

(1-10)

Energy level 7.1 (1.3) 7.6 (0.9) +0.5 7.3 (1.3) +0.2

rating (1-10)

an=43 due to missing dat&* Significant at the 0.01 level. Abbreviations: BMI, body mass index;

BF, body fat; WC, waist circumference; WHtRIistto-height ratio; FMI, fat mass index;
SMMI, skeletal muscle mass index; CPAQ, concise physical activity questionnaire.

Table7.9. Mixed design ANOM#ateraction)Pvalues(baseline, 1 month and 4 monthaind
differencesbetween group mean changes (baseline and 4 mor{tiv39)

Variable Interaction Mean difference | Difference Difference
between between group | between group between group
time and group changes changegbaseline | changes
(baseline, 1 month | (baseline and 4 | and 4 months) (baseline and 4
and 4 months) months) months)
Pvalue Pvalue Effect sizé

Weight (kg) 0.025 1.78 0.02 -0.50

BMI (kg/n¥) 0.028 0.52 0.02 -0.50

BF% <0.001 1.9 <0.001 -0.98

BF (kg) <0.001 2.3 <0.001 -0.87

WC (cm) <0.001 3.7 <0.001 -1.04

WHtR <0.001 0.02 <0.001 -1.12

FMI (kg/n®) <0.001 0.7 <0.001 -0.87

SMMI (kg/mf) | NS 0.2 NS 0.41

CPAQ score NS 1.9 NS 0.26

Mood rating (% | - 0.8 0.01 0.45

10)

Energy level - 1.0 0.003 0.64

rating (:10)

3 2 K S yAQhrevitidns BMI, body mass index; BF, body fat; WC, waist circumfersWeeR, waisto-
height ratio; FMI, fat mass index; SMMI, skeletal muscle mass i@, concise physical activity

guestionnaire.
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Table7.10. Oneway repeated measures ANOYAalues identifying changes across time (baseline,
1 month, 4 months and 9 months) within temonth intervention group subsen€18).

Variable Change across timBvalue
Weight (kg) NS
BMI (kg/n¥) NS
BF% 0.004
BF (kg) 0.022
WC (cm) NS
WHtR NS
FMI (kg/m?) 0.022
SMMI (kg/rr?) NS
CPAQ score NS
Mood rating (:10)? NS
Energy level rating (L0)? NS

aFriedman test with Bonferroni correction appliesbbreviations: BMI, body mass index;
BF, body fat; WC, waist circumference; WHtR, wtaidteight ratio; FMI, fat mass index;
SMMI, skeletal muscle mass index; CPédDcise physical activity questionnaire.

Dietary behaviour

Table 711displays seffeported dietary intakes at baseline. The only significant difference detected
between the intervention and control groups was in fruit intake, indicating greater énvdiruit

within the control group, although both groupgere well above the UK RNI for vitamin C of 40 mg/d
(COMA, 199} with the combined fruit and vegetable intake at > 5 portions/day for both groups.
However, both groups wereonsumingoelowthe UKrecommendedailyfibre intake (SACN, 2015).
Both groups reported consuming approximately 6% below the UK government recommended
amount of carbohydrate (50%$ACN, 2015and both groups were consuming slightly above the
recommended maximum amount of digtafat (35%)SACN, 201%nd SFA was also slightly above
the maximum recommended amount 00% (SACN, 2019Mean calcium intake was above the UK
RNI of 700 mg/dCOMA, 1991 For sodium intake, both groups were abdhe maximum
recommended amount of 24Dmg/d (SACN, 2003).
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Table7.11 Baseline energy, nutrient and food group intakes of study participants for whom dietary
data was collected at baseline and four months.

Variable All Intervention Control Pvalue
(n=89) (n=45) (n=44) (Intervention vs
Mean (SD) Mean (SD) Mean (SD) Control)

Energy (kcal) 1846 (645) 1857 (616) 1834 (680) NS
Carbohydrate (g) 200 (79) 200 (75) 201 (84) NS
Protein (g) 94 (41) 91 (32) 97 (49) NS
Fat (g) 75 (28) 76 (30) 73 (27) NS
SFA (9) 26.3(10.4) 27.4 (11.0) 25.1 (9.6) NS
MUFA (g) 28.6 (11.2) 29.2 (12.1) 28.0 (10.4) NS
PUFA (g) 13.6 (5.7) 13.3 (5.6) 13.8 (5.8) NS
Fibre (g) 15.2 (5.6) 14.9 (5.0) 15.4 (6.1) NS
Sodium (mg) 2552 (846) 2622 (857) 2481 (838) NS
Iron (mQ) 10.5 (3.5) 10.3(3.1) 10.7 (3.9) NS
Calcium (mg) 788 (301) 790 (290) 785 (316) NS
Vitamin C (mg) 108 (61) 107 (63) 109 (59) NS

Food groups
Sugars, 44.1 (37.2) 47.6 (38.0) 40.5 (36.4) NS
preserves and
shacks (g)
Vegetables (g) 278 (142) 268 (129) 288 (156) NS
Fruits (g) 169 (153) 157 (167) 182 (137) 0.048
Fish and fish 50 (38) 48 (37) 53 (39) NS

products (g)

Abbreviations: SFA, saturated fatty acids; MUFA, Monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids. See appendixor food group compositions.

Fourmonth changes in dietary intake

To detectchanges in dietary intakes over time and between groups, mixed design ANOVAs were
conducted, the results of which are displayedable7.14 Table 7.14 also displays the mean
differences between the intervention and control group changes (baselineutonionths).The
significant resultsvarranted post hoc tests to identify changes from baseline, the results of which
are displayed ifables7.12and7.13 displaying significant changes within the intervention group,

and no significant changes within thentrol group.

Nine-month changesn dietary intake

Mitigating circumstances (the Covi® global pandemic) led to insufficient data collection of control
group participants, and a smaller subset of data collection for intervention group participamtseat
months =17), which was tested using omay repeat measures ANOVAs, the results of which are
displayed inTable7.15 indicating significant change over time in consumption of sugars, preserves

and snacks. Post hoc analysis revealed this to be significantly lowseahonths compared with
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baseline, as displayed in the final columrnTable7.12 The forty percent sigjficant reduction in

sugars, preserves and snacks from baseline to four months remained at about the samernéawe! at

months, which was a significant reduction of 30 percent from the baseline mean ofrteenonth

subset of intervention participants.

Table7.12 Intervention groupdietary intakechanges between baseline, four months ande

months
Variable Baseline 4 months Change from 9 months Change from
n=45 n=45 baseline n=17 baseline?
Mean (SD) mean (SD) mean (SD)
Energy (kcal) 1857(616) 1613 (537)  -244** 1654 (564) +26
Carbohydrate (g) 200 (75) 179 (65) -21 178 (73) +5
Protein (g) 91 (32) 84 (30) -7 82 (29) 0
Fat (g) 76 (30) 64 (26) -12** 67 (29) +2
SFA (9) 27.4 (11.0) 22.4(9.8) -5** 23.8(10.1) +0.3
MUFA (g) 29.2 (12.1) 24.1(10.1) -5.1* 25.6 (11.9) +1.3
PUFA (g) 13.3 (5.6) 11.5(5.1) -1.8** 12.1 (5.4) +0.3
Fibre (g) 14.9 (5.0) 14.8 (6.5) -0.1 15.1 (6.2) +1.2
Sodium (mg) 2622 (857) 2311 (1075) -311** 2409 (1125) +12
Iron (mQ) 10.3(3.1) 9.8 (3.6) -0.5 10.2 (3.7) +0.4
Calcium (mg) 790 (290) 742 (317) -48 776 (316) +20
Vitamin C (mg) 107 (63) 98 (55) -9 95 (45) 0
Food groups
Sugars, preserves 47.6 (38.0) 28.4 (29.5) -19.2** 27.4 (19.1) -11.8*
and snacks (g)
Vegetables (g) 268 (129) 258 (150) -10 247 (115) -28
Fruits (g) 157 (167) 175 (172) +18 184 (161) +48
Fish and fish 48 (37) 53 (42) +5 47 (34) +3

products (g)

aBased upon a different baseline for this subseho17 participants*Significant at the 0.05 level. **
Significant at the 0.01 level. Abbreviations: SFA, saturated fatty acids; MUFA, Monounsaturated fatty acids;
PUFA, polyunsaturated fatty acidSee appendix.9 for food group compositions.
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Table7.13 Controlgroupdietary intakechanges between baseline and four months

Variable Baseline §=44) 4 months (=44) Change from baseline
Mean (SD) mean (SD)

Energy (kcal) 1834 (680) 1821 (651) -13
Carbohydrate (g) 201 (84) 200 (83) -1
Protein (g) 97 (49) 92 (32) -5
Fat (g) 73 (27) 76 (30) +3
SFA (9) 25.1 (9.6) 25.2 (12.0) +0.1
MUFA (g) 28.0 (10.4) 29.5 (12.6) +1.5
PUFA (g9) 13.8 (5.8) 14.6 (6.2) +0.8
Fibre (g) 15.4 (6.1) 17.1 (6.7) +1.7
Sodium (mg) 2481 (838) 2507 (1010) +26
Iron (mQ) 10.7 (3.9) 10.9 (3.7) +0.2
Calcium (mg) 785 (316) 767 (331) -18
Vitamin C (mg) 109 (59) 116 (58) +7

Food groups
Sugars, preserves ant 40.5 (36.4) 40.3 (49.4) -0.2
snhacks (g)
Vegetables (g) 288(156) 300 (186) +12
Fruits (g) 182 (137) 198 (127) +16
Fish and fish products 53 (39) 50 (39) -3

()]

*Significant at the 0.05 level. ** Significant at the 0.01 lexddbreviations: SFA, saturated fatty acids; MUFA,

Monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. See appe8adix food group

compositions.
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Table7.14. Mixed design ANOVRvalues displaying timegroup interaction for energ, nutrient and
food group intakesand differences between group mean changeaseline and 4 monthh=89)

Variable Interaction Mean Difference Difference
between time difference between group | between
and group between changes group
(baseline and 4 | group (baseline and 4| changes
months) changes months) (baseline

(baseline and and 4
Pvalue 4 months) months)
Pvalue Effect sizé

Energy (kcal) 0.014 231 0.03 -0.47

Carbohydrate (g) NS 20 NS -0.31

Protein (g) NS 2 NS -0.07

Fat (g) 0.001 15 0.001 -0.72

SFA () 0.009 5.1 0.007 -0.59

MUFA (9) 0.001 6.5 <0.001 -0.79

PUFA (9) 0.001 2.6 0.002 -0.67

Fibre (g) NS 1.8 NS -0.38

Sodium (mg) 0.007 336 0.037 -0.45

Iron (MmQ) NS 0.7 NS -0.24

Calcium (mg) NS 30 NS -0.11

Vitamin C (mg) NS 16 NS -0.28

Food groups

Sugars, preserves and 0.004 19 0.034 -0.46

snhacks (g)

Vegetables (g) NS 22 NS -0.17

Fruits (g) NS 2.6 NS 0.02

Fish and fish products (g) | NS 7 NS 0.19

3 2 K S yA@krevitidns SFA, saturated fatty acids; MUFA, Monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids. See apperdifor food group compositions.
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Table7.15 Oneway repeated measures ANOYAalues identifyinglietary intakechanges across
time (baseline, 4 months ar@lmonths) within thed-month intervention group subsen¢17)

Variable Change across timBvalue
Energy (kcal) NS
Carbohydrate (g) NS
Protein (g) NS
Fat (9) NS
SFA (9) NS
MUFA (9) NS
PUFA (9) NS
Fibre (g) NS
Sodium (mg) NS
Iron (mQ) NS
Calcium (mg) NS
Vitamin C (mg) NS
Food groups

Sugars, preserves and snacks (g) 0.011
Vegetables (g) NS
Fruits (g) NS
Fish and fisiproducts (g) NS

Abbreviations: SFA, saturated fatty acids; MUFA, Monounsaturated fatty acids;
PUFA, polyunsaturated fatty acidSee appendiX.9 for food group compositions.

Table7.16displays other ditary behavior characteristics of the sample, suggesting there to be no
difference between the groups in mess membersipip 0.05) at baseline, with 82% (n=37) of the
intervention group, and 86% (n=38) being members of their watch mess. No significagechas

detected at one or four months for either group* 0.05).
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Table7.16. Other baseline dietary behavior characteristics of the sample for whom data was
collected at baseline, one and four months

Baseline Subcategory  All (n=89) Intervention Control Intervention
Variable group (1=45) group (=44) VS
n (%) n (%) n (%) Control

Mess Member 75 (84) 37 (82) 38 (86)
membership  Non-member 14 (16) 8 (18) 6 (14) NS

Has 28 (31) 15(33) 13 (29)

responsibility
Home food Someone else 23 (26) 10 (22) 13 (30)
shopping buys the NS
responsibility shopping

Shared 38 (43) 20 (44) 18 (41)

responsibility
Evening Yes 46 (52) 22 (49) 24 (55)
snacking at - “No 43 (48) 23 (51) 20 (45) NS
Evening Yes 60 (67) 30(67) 30 (68)
snackingat  No 29 (33) 15 (33) 14 (32) NS
Home

Evening snacking at work reduced ementh post intervention for the intervention group from a
aylroOlAy3a LINBGItSyOoS

eveningsnacking prevalence at work which increased by 2.3%. This pattern persisted, with the

2F nd:

i ol &a8tAySs

g2

reported changes in both groups carrying forward to four months jmstrvention, although no

changes were statistically significaptX 0.05). Of thex=18 interventiongroup participants for

whom data was collected aine months,n=13 (72%) reported not snacking at work in the evening,

with the remainingn=5 (28%) reportedly snacking, although this result wassignificant p > 0.05).

Consistent with workplace chaag in snacking behavior, evening aftinner snacking at home

followed a similar pattern, whereby the intervention group reduced from a snacking prevalence of

75% at baseline to 44% at oneonth (=0.021), as opposed to the control group who increased

from a prevalence of 68% at baseline to 75% atwmath (p > 0.05), although this returned to 68%

after four months. At four months poshtervention, the intervention group reported a nen

significant reduced prevalence of evening snacking at home of 51%acethwith baseline (75%) (

> 0.05).0f then=18 intervention group participants for whom data was collectediaé months,

n=12 (67%) of them reported home evening snacking at baseline compared=¥it{89%) ahine

months post interventiong=0.063).
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7.4.Discussion
Overview

¢CKA& adldzRe

NB LINB & 8 v-based didtaly andYifestyle, EonthaBed inta@ohis

The aim of this study was to test the efficacy of the medtmponent intervention for improving
0 SKI @A 2 dZNE

RASGI NEB

Iy R

adiposity increased, at oamonth post intervention theritervention group had significantly reduced

fAFSadets

YR 02Re

FM without any loss of SMM. Intervention group adiposity continued to reduce further from

baseline at four months posghtervention. For the subset of intervention group firefighters for

whom ninemonth data wagollected, this improvement in body composition persisted. Whilst no

significant change in physical activity was detected, the reduced adiposity can be mainly attributed

to significant reported reductions in dietary energy and fat intake of the intervargioup.

Furthermore, significant reductions were detected in dietary intakes of saturated fat, sodium,

sugars, preserves and snacks, along with significant improvements in evening snacking behaviour.

Mood and energy ratings also improved significantlytpoervention. Tabler.17displays where

this study stands in the context of published firefighter interventions.

Table7.17. Published firefighter interventions

Study Sample and | Intervention Duration Design Key significant
country outcomes
PHLAME | N=480 (97%/| Lifestyle intervention: 1lyearand 4| 3-arm 1 year
(Elliotet | men) Teambased curriculum | years follow | cluster Attenuated weight
al., 2007)| USA (model 1) vs Individual | up randomised | gain. Dietary
motivational behaviour 8.
interviewing counselling Wellbeing
sessions (model 2) vs (questionnaire).
usual care (control). 4 years
Goals: improve energy All favourable
balance, reduce fat, improvements
increase fuit and disappeared.
vegetables and physical
activity.
Fuel 2 N=757 health/fitness Ongoing Prospective | 6 months
Fight overweight/ | coordinator; Peer Fitnes{ Intervention | cohort -0.55kg body weight.
(Brown obese men | Trainers; allocated launched in | (Cross -3.75 mmHg systolic
et al., USA physical training time for| 1996 sectional) BP
2016) all onduty personnel.
Low GI & | N=10 men, 7| Weekly dietary 12 weeks Prospective | 12 weeks
fithess of whom education administered (no control) | MetS risk factors
pilot exhibited by a doctor and a nurse reduced from 3.2 to
study to | MetS based on the lowGl diet; 1.9 risk factors per
reverse | USA daily multivitamin and n subject. Prevalence
MetS 3 fatty acid of MetS reduced by
supplementation; meal
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(Careyet replacement; Daily 57% (from 70% to
al., 2011) physical exercise. 30%).
6 months
MetS risk factors=2.6
per subject.

FFIRE N=112 (85%| Dietary theory and 1 year Prospective | Intervention and

(Goheer, | men) practical education (1 cluster control groups

2017) USA session per month for 6 controlled reported reductions

months). in energy intake, SFA
trans fat, adled
sugars, norwhole
grains and sodium.
The intervention
group reported a
reduction in
vegetable intake.
Both groups lost 2.3
kg body weight.
Control group
outperformed
intervention group
by >2 fold for
improvements in
BF%, WC and BP.

LFB pilot | N=38 (92% | Dietary and lifestyle 1 month Prospective | -0.4 kg/n? BMI.

trial men) personalised cluster -0.9% BF.

(Lessons | UK consultation (single controlled Significant dietary

and session with midvay improvements

Bhakta, support) although the contré

2018) group did not
undergo dietary
assessment.

(Torreet | N=28 Dietary and lifestyle 1 year Prospective | No significant

al., 2019)| (airport group education (single intervention | improvements in

firefighters) | session), personalised (no control) | dietary behaviour or
Switzerland | consultation (single body composition.
session) and a cooking
class.

(Waldma | N=15 Carbohydrate restriction| 4 weeks Prospective | Increased protein

netal, (men) (< 25% of El) and intervention | intake.

2019) USA bodybuilding regime (no control) | -2.2% BF.
Improved
cardiorespiratory
fithess and muscular
endurance.
Increased fat
oxidation.
Decreased
carbohydrate
oxidation.

Reduced BP.

(Sotos N=48 Dietary and lifestyle 6 months Prospective | Modest

Prietoet | (90%men) educational sessions, cluster improvement in

al., 2020)| USA videos, leaflet, tailored controlled mediumVLDL

recipes and cooking
demonstration, food

cholesterol estes.
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samples and healthy
food supermarket
discount coupons.

This N=89 (97% | Dietary and lifestyle 4 months Prospective | -0.5 kg/n? BMI.
study men) group education (single cluster -1.7% and2 kg BF.
UK session), personalised controlled -1.7 cm WC.
consultation (single Reductions in intakes
session), environmental of energy, fat, SFA,
modification. sodium, sugars,

preserves and
shacks. Wellbeing
indicators also
improved.

§ Some significant variables. Abbreviations: BMI, bodysriratex; BF, body fat; WC, waist circumference; SFA,
saturated fatty acids; Gl, glycaemic index; MetS, metabolic syndrome.

Feasibility

The vast majority of firefighters invited to participate welcomed the opportunity to benefit from
evidencebased nutriton guidance from a trained professional. Those who actively optedned) (

constituted a negligible proportion of the recruited sample. Those who later actively dropped out

(n=4) constituted 4% of the final data set. This was due to subject fatigue leowds was still

considered to be an acceptably low dropout rate. This indicates strong demand for this intervention,

which is consistent with USA research reporting @%refighters to be interested in learning more

about healthy eatingYanget al., 2015) and 90% of firefightér 6 SAy 3 AYIiSNBAGSR Ay |
f SOGdzNB NBIIFNRAYI LINBLISNI RASG [SyaRlon&uit JidD, @08 | y R N
Indeed, the interactive lecture whichwas$E NI f 2 F GKA A& &d0GdzZReéQad Ay (diSNIBSy
this exact theme and evoked positive interactions with firefighters, potentially contributing to the

favourable outcomes discussed later in tGigpter.

CKAE &diGdzR@Qa KAIK BYAROYSyidi2YIKi&SH NSA So SIDKENKK S
former firefighter, thus equipping him with advantageous rapport building and communication skills

coupled with an intimate level of knowledge in terms of practicability and feasibility. For example,

the level of intervention intensity and participant burden was designgubirt to minimise study

opt-out. Furthermore, the intervention and followp sessions were scheduled during participant

day shifts, as opposed to the FFIRE intervention study (Gab@Er) which involved firefighters

attending several sessions outside of working hours. FFIRE had a mean enrolment of 23%, and on
SN 3S FANBFAIKGSNRE | GGSYRSR 12 2F (GKS AydSNDS
enrolment of 98%. The downside ofrmtucting sessions during working hours led to a mean

attrition rate of 65 participants per followp.5 dz8 (2 (G KS NBaSI NOKSNRa SEGSyY

to fire-station life, the absence of a large proportion of participants at follgmengagements was
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expected due to the dynamic nature of the London fire brigade which has an obligation to regularly
send personnel to other fire stations which have a deficiency of personnel; on training courses and
to emergency incidents. Furthermore, absence due to ldsirg taken, sickness/injury, light duties,
transfer and retirement meant that a high attrition rate would be encountered due to this plethora
of extenuating circumstances. For the study to withstand this amount of natural loss, a large initial
sample wasecruited at baseline to ensure sufficient statistical power to detect changes at each
time-point. As thecrux of theintervention was administered at the initial engagement, the desirable
results carmainly be attributed to that initial session. Thesuld suggest that similar results may

have occurred for the personnel missed at follap, and further supports the intervention being
administered within a single session as opposed to multiple sessions, particularly within@otme
dynamic and trarient workplace which is characteristic of fire stations. Conversely, the USA FFIRE
intervention study (Goheer, 2017) which conducted an educational intervention study comprising six
sessions over an intervention period of six months suffered an aforenrerdipoor level of
enrolment.However, this was not unusually low, as workplace interventions are generally below
50% enrolmen{Robroeket al.,, 2009) therefore the high participation rate in this study can be
regarded as a major study strength. Post intervention, informal caatimns between participants

and the researcher yielded overwhelmingly positive feedback via personal gratitude expressed

verbally directly to the researcher, and via email, examples of which can be sagpeindix7.10.

Impact on body composition and #mopometry

At onemonth postintervention, mean BF% and WC had reduced by 1.4% and 1.5 cm, which is
further than the onemonth 2017 pilot trial (Lessons and Bhakta, 2018). Conversely, BMI reduced
further in the pilot trial compared with this study. DesgpBMM not being measured in the pilot trial,
these results show greater preservation of SMM for this study. Indeed, although not reaching
significance, mean SMMI increased slightly pintgrvention for the intervention group but not for

the control groupThis is an important finding due to the requirement of adequate muscular
strength for firefighters to help resolve strenuous emergency tasks safely and effecBiehgiison

et al,, 2017. Furthermore, the apparent rapid decline in firefighter SMM betwéee ages of 48 and
62 y which is indicated in théhapter4 study, drew the conclusion that an intervention which
preserves SMM for firefighters is very much required for an aging workforce who are not tested for
muscular strength or SMM during routine periodic medical or physical fitness tests. The observed
presavation of SMM persisted at four and at nine months pgérvention, whilst FM decreased
further. Intervention educational content which could have contributed to this preservation,
included advice on the GIS emphasizing the importance of undertakirstgmese exercise a

minimum of twice per week. Furthermore, one of the four CPAQ items assesses muscle
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strengthening activity. If an intervention group firefighter reported less than two days per week for
this item, the researcher (a registered nutritionigith specialisms in public health and sports &
exercise) reinforced the health implications of sufficient SMM followed by discussing a pesstnali
strategy to increase this type of physical activity. This further justifies theatitih of the CPAQ as
opposed to, for example, the more strongly validated sHortn international physical activity
guestionnaire (IPA@F)Leeet al, 2011)which does not feature an item to specifically measure

muscle strengtheningctivity.

The firefighter nutrition intervention trial most comparable with the present study is the FFIRE study
(Goheer, 2017). At sixionth follow-up, the FFIRE intervention group had reduced BMI by 0.8%g/m
Whilst their reduction is greater than obsed in this study, both BF% and WC reductions observed
in this study at fowimonth follow-up were 0.7% and 0.4 cm greater than the reductions reported by
FFIRE at sixonth-follow-up. This again highlights the beneficial effect of this intervention, nit o

in terms of FM reduction, but also in terms of SMM preservation, which appears to have been
overlooked by comparable studies. Furthermore, greater reductions in adiposity were observed for
the FFIRE study control group compared with the FFIRE stedlyention group at both six and
twelve-month followups. It can therefore barguedthat this intervention outperformed FFIRE in

terms of body composition improvement.

The PHLAME study (Ellatal., 2007) measured changes from baseline at one year, tbezalirect
comparisons with this study should be made with caution due to study heterogeneity in terms of
timing of followrup measurements as well as the outcomes which were measured. BMI was the only
anthropometric/body compaosition outcome to be revealddspite PHLAME declaring to measure
adiposity via skinfold thickness. It is therefore impossible to assess body composition changes
elicited by PHLAME. At otyear postbaseline, BMincrease wasignificantlyattenuatedfor both

PHLAME intervention arntsit not for the control arm, therefore it iarguablethat the PHLAME
AYGSNIBSYyGA2y 61 a4 2dz0 LISNF2NYSR o0& (KAAa addzReQa

Impact on dietary behaviour

Energy intake reduction and portion control strategies were an overarching theme of the
intervention, which can account for the significantly reduced powrvention energy intake

reported by the intervention group. This is particularly important faeffghters due to research
indicating excessive meal portions to be the cultural norm at fire stations (Haddatk2011,
Jahnkeet al., 2012;Dobsonet al., 2013). Reinstating smaller meal plates at the intervention stations
was an environmental moddation which was initially suggested by the researcher during the group

education session along with leaving leftovers in the kitchen and drinking a glass of water
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immediately prior to each meal. These suggested modifications may also have contribubed to t
reported decreased energy intake, which is consistent with a review of worksite programmes which
provided evidence for the efficacy of environmental modifications upon dietary intake

improvements (Engberet al., 2005).

The most comparable firefight intervention study to comprehensively measure dietary changes

was the FFIRE intervention (Goheer, 2017). Atnsirth follow-up, the FFIRE intervention group

reported a significant reduction in energy intake of 363 kcal/d, compared with the intervention

group of this study at foumonth follow-up: 244 kcal/d significant reduction. However, the FFIRE

control group reported an even greater significant reduction of 578 kcal/d, as opposed to this
alidzReQa O2y GNRf 3ANRdzZL) NBLRNIAY3 y2 aA3ayATFAOLIyl

ThesHYAFAOI yi NBRdA2OUGA2Yy Ay G201t FL4 Aydlr1S F2N
contributor to the concomitant reduction in total energy intake, and is consistent with a systematic
review of workplace dietary interventions which identified reguylastintervention dietary fat

intake reductions of up to 9% (Mhurchu, Aston and Jebb, 2010). Educational components of the
intervention pertaining to fat intake focused upon saturated fat (SFA) reduction. Atfoaths
postintervention the observed sigiicant reduction in SFA intaKeb g/d)is consistent with the UK

pilot trial (-3.5 g/d)(Lessons and Bhakta, 2018), and comparable with the FFIRE intervention group
(6.2 g/d), however, once again the FFIRE control group greatly outperformed its intervgraup
(Goheer, 2017). The reduction in SFA and total fat intakes recorded in this study translated to a
reduction in SFA and total fat as expressed as a percentage of total energy intake, [8Bgidgwn
from 13.3% to 12.5%, and total dietary fat dofwom 36.8% to 35.7% his reductiortould be
particularly important for firefighters due to their increased risk of CHD an@Kkéset al., 2007;
Tierneyet al., 2010; Hunteet al., 2017).

¢CKS AAIYATAOIY(H NBRAzOG A 2nfervéngon graufRbkodgYit repoftédr | S T2 NJ
intake to below the maximum recommended daily limit. Again, salt reduction was emphasised

within the intervention,which may accourfor this result. The FFIRE intervention group reported a

greater reduction in sodium iake, however, once again the control group reported a far greater

reduction (Goheer, 2017).

CKAA AYUSNDSYyGA2yQa 3ANBFGSad SYLKIaAa gl a LI OSF
Sugars, preserves and snack intake reduction was the only dietake variable to reach

significance at 9 months pasttervention within the smaller subsample of seventeen intervention

firefighters, indicating that interventional components aimed at reducing intakes of those foods

were indeed adhered to. This residtfurther supported by posntervention reduction in the
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amount of intervention group firefighters reporting to snack in the evening after their final meal of
the day,although the only significant improvement was detected at-omenth post interventiorfor
shacking at homeThis could be attributed to advice to avoid shacking on confectionary after the
final meal and to consider avoiding energy intake until breakfast the following morning to help lose
body fat and potentially improve metabolic healfHawley, Sassor€orsi and Zierath, 2020y his
dietary improvement is particularly important for firefiggrs due to sleep deprivation being
associated with increased snacking on confectionary (Atkiesah, 2008; Nedeltchevat al.,

2009), which is a characteristic endemic of fire statidfsddocket al., 2011; Jahnket al, 2012;
Dobsoret al., 2013). Furthermore, significant improvement in snacking behaviour transcended the
fire station, showing the effects of the intervention to translate to home life. This finding is
consistent with the FFIRE trial which also reported improvements in the oogeenvironment

(Goheer, 2017).

Lack of a significant increase in fruit and vegetable intake was not unexpected given the above
average baseline intak¢s.3 portions/d) which is comparable to baseline fruit and vegetable intake
reported by UK firefightes in a pilot study (Lessons and Bhakta, 2018) and USA firefighters in the
PHLAME trial (Elli@t al., 2007). Whilst this study found no significant change, mean vegetable
intake was lower and mean fruit intake was higher at post intervention fellpa: Interestingly, the
FFIRE intervention followed the same pattern, however the differences were significant. The
NERdzOSR ©@S3SdGlotS Ayidl1S Aa Ffaz O2yaradSyd o6A0cF
Bhakta, 2018), but inconsistent with a revieuggesting that dietary interventions generally elicit
increased intakes of fruit and vegetables (Mhurchu, Aston and Jebb, 2010). This may be due to the
predominantly male sample, as there is evidence to suggest that men can find vegetable intake
more difficult to improve compared with other food groups (Colktsl., 2011). This may also

account for no significant change in total fibre intakes of course possible that vegetable intakes
were misreported. Aeview of the design, validation and utiligan of FFQs found that vegetables

and related nutrients are particularly difficult to assess using an FFQ €Calle2004). The review
suggested that misreporting of vegetables may occur for several reasons such as the double
counting of vegetables thamay or may not appear within composite meais social desirability

bias.It isindeedpossible that overreporting of these healthy food groups occurred at baseline due
to social desirability bias (Worsleyal,, 1984), which could have subsequentlgnghished the ability

to detect significant change.

Impact on physical activity
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Although not significant, reported mean physical activity increased much more so for the
intervention group compared with the control group. Similar to fruit and vegetablertip

baseline physical activity reporting may have been subject to social desirability bias (Véoedley
1984), thus potentially leading to overreporting which may have reduced any detectable significant
differences from baseline. This is likely ®dxacerbated in an occupational group who are

expected to maintain a relatively high level of physical fithess. Unknown levels of error and bias
could also have been generated by the CPAQ which, whilst it has been used to measure the physical
activity offirefighters (Sliter and Sliter, 2014), they were based in the USA, therefore this physical
activity assessment tool has not been validated for use on UK firefighters. Similar to dietary
assessment, the accurate measurement of human physical activitiree-aving environment is

difficult (Eliaet al., 2003). Debate exists in this area of behaviour change, and therefore drawing
solid conclusions regarding the impact of physical activity interventions is a recurring challenge
(Vuilleminet al., 2011). Howver, a systematic review by Dugeiilal. (2008) provided evidence of
physical activity improvement via counselling, although this is often of limited efficacy (Whitlock

al., 2002; Conret al., 2009).

Another potential reason for a lack of significaraould be the fact that the intervention focused

more heavily on diet and nutrition than physical activity as it was judged that this was the area of
greatest confusion and most in need of being addressed. Furthermore, many firefighters are
personal trairrs and gym users therefore the emphasis on physical activity may have been lacking
GAOGKAY (GKAA AYOISNBSYydGAz2y RdzS (2 GKS NBASHNODKSNRS
the physical activity information was therefore confined to the GISchvhias also given to control
group participants. The GIS recommended participants to take thirty minutes of moderate exercise
five days per week to obtain health benefits. This may constitute a relatively conservative level of
physical activity for an ocpational group who are likely, given the nature of the firefighting role, to
exercise more than the general population. The same issue was also reported in the PHLAME
firefighter intervention, whereby researchers suggested that the physical activity erigon

component was not given the emphasis required to elicit significant behaviour changegiEliot
2007).

A final potential reason for nesignificant improvement could be a prevailing lack of managerial
encouragement to use the fire station gym whilst on shift. This has been identified in USA fire
stations (Dobsowt al., 2013) and may be reflected in the LB emergency calls have reduced over
time (Home Office, 2020), more administrative work has been placed upon fire crews, which may
have marginalised the time, freedom and encouragement gbyemanagers to use the gym-on

shift. Despite orshift gym usageecently becoming a mandatory LFB policy, informal discussions
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between the researcher and firefighters suggested that this mandate has not been facilitated with
the provision of adequate facilities, equipment, time, freedom or encouragement, all of widgh

have reduced motivation. In an attempt to ameliorate this potential barrier, during the group
education (presentation) element of the intervention, the researcher carefully addressed this
subject by educating the watch on the qualitative research idiging managerial influence to be

one of the themes driving firefighter obesity (Dobsetral., 2013). This was done both to raise
awareness of this potential barrier and to encourage the officers in the room to prioritise the health

of their watch by helmg to encourage osshift gym usage.

Impact on mood and enerqy levels

This intervention improved reported mood and energy levels significantly, which is consistent with
the most comparable intervention study to measure firefighter wellbeing (PHLAME) ¢EHig

2007). Heterogeneity between the two studies precludes a direct comparison, however, the
significant improvement in this study suggests overall wellbeing improvements to be greater than
reported in PHLAME. Whilst many physical health promotiarefits may take longer to manifest,
research has linked workplace health promotion programmes with more immediate improvements
in employee mood, productivity and wellbeifiills, 2005) This is especially important due to the
occupational exposure of firefighters to high levels of psychological gibesan, Woodhams and
Bishopp, 2018; Rodrigues al., 2018)

Study strengths

This study represents tHast controlled dietary intervention trial for firefighters in the UK, adding

to a sparse evidence base. Furthermore, it was designed as a prospective-ctudtetled trial,

which has been identified as a gap in the literature of firefighter intereergtiPostoret al., 2013).
Participants were blinded to group allocation, which resulted in control group participants regularly
indicating to the researcher that they believed themselves to be receiving an intervention. This was
facilitated by the clustecontrol condition of separate fire stations, thereby reducing the possibility

of control group contamination via awareness of different treatment administered to the
intervention group station participants. Furthermore, control group fire stations weneggly

chosen to be based further away geographically from intervention group stations.

The intervention encompassed active learning and involved interactive group discussion. These were
suggestedis mediating mechanisms for the successful outcomesePHLAME interventiamial
(Ranbyet al., 2011) and are likely to have contributed to the successful outcomes of the current

study. Furthermore, the initial rapport built between the researcher and the intervention group
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watches is likely to have facilitated the positive interactions which followkid. i likely to have

been supported by the prior experience of the researcher as a professional firefighter, thereby
providing valuable kepth knowledge and empathy regarding the piojogical and psychological
stressors faced by firefighters, the praetities and routines of fire station life, and how all of this

interplays withfirefighter dietary behaviour.

This study utilised a range of objective measures, and althoughepelfted measures were

required, they included the first ever FFQ to bedatied specifically for the dietary assessment of

UK firefighters. To the best 6f K S NB a iowikidiy& tSidNi¥atso the first study to assess the
impact of a dietary and lifestyle intervention upon the SMM of firefighters, which resulted in the
desirable outcome of reduced adiposity whilst maintaining SMM. Indeed, this interveatigumbly
outperformed the two most comparable interventions (Eliétal., 2007; Goheer, 2017) across a
variety of parameters. This low burden and low intensity intern@ntrielded high enrolment and

low dropout. It was also low cost compared with other intervention modalities such as motivational
interviewing (Ellioet al., 2007), all of which supports the scalability of this intervention for

organisational rollout.

Study limitations

Similar to the FFIRE study (Goheer,D0the sampling strategy for this study involved fire stations

not being randomised to intervention and control groups, but instead being assigned by the
researcher. The high level of enrolment and lewel of active dropout helped decrease selection

bias and increase representativeness. Indeed, every effort for obtaining a representative sample was
made by ensuring an even spread of urban and suburban fire stations within each group, along with
homogereity of workload in terms of no significant difference in emergency call volume between
groups. As previously stated, the clustemtrolled condition was necessary to minimise the chances
of group contamination, as was the distance between interventioth @ntrol group stations.

Despite the measures taken to minimise intgoup heterogeneity, and despite the total sample

being representative of the LFB in terms of demographic and anthropometric baseline
characteristics, at baseline the intervention grqupssessed significantly more body weight and fat,
whilst reporting significantly lower mood and energy levels. Whilst this constitutes a limitation of

this study, the firefighters in greatest need of an intervention were the ones who received it.

The lowenergy intakes recorded by the-FFQ are consistent with the FFIRE intervention (Goheer,
2017) and were not unexpected, as discussed in det&hapter5. Briefly, even though absolute
dietary intakes were underreported, the HFQ was never designemldccurately measure dietary

intake, but instead to be used as a screening tool to identify high and low intake frequencies of
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certain foods, and also to be used to detect changes elicited by an intervention, both purposes of
which it fulfilled. Indeed, de to its purpose of prgost relative dietary assessment, problems

associated with underestimation are theoretically minimised.

Similar to the limitations of the CPAQ which have already been discussed, theitetickert scales
used to assess perceivetbod and energy levels were not validated for this population group,
therefore their validity for accurately assessing these parameters of wellbeing of firefighters is
unknown. Even so, the significant improvementseéitfreported mood and energy elicitelly this
intervention were associated with significant dietary and body composition improvements. This is
consistent with research finding that improvements in dietary behaviour and body composition are
associated with improved mental healfBlluluet al,, 2016; Jackat al,, 2017; Tolkien, Bradburme
Murgatroyd, 2019)

The Coronavirus global pandemic precluded complete data collection at nine months post
intervention. This resulted in yielding an insufficient amount of control group data and a limited
amount of intervention group data for thistiepoint, therefore no solid conclusions can be drawn
regarding intervention impact posbur months. Even so, the significant improvements in the

limited subsample of intervention group participants seen at nine months are consistent with those
seen at fow months, and therefore suggest that the favourable effects of the intervention persisted
at nine months. This suggestion is supported by the fact that the participants who were seen before
study curtailment were random, as opposed to the remainder ofraga who actively droppedut.
Furthermore, research indicates that habits are formed and behaviour automaticity plateaus on
average at around 66 days following the first regular performd@ardner, Lally and Wardle, 2012)
therefore in this study, the significant dietary behaviour changes and concomitant improvements in
body composition, mood and energy observed at fmanths (120 dayspostintervention arguably
became ingrained habitual behaviours, further supporting the durability of the intervention
outcomes Whilst this study was able to detect significant changes in several dietary variables,
adiposity and indicators of wellbeing future trial with a larger sample size would provide greater
statistical power to detect a more modest effect sia@.a priori sample size calculation will be

determined ahead of any future trials.
Conclusion

This study has shown that a lamst, lowburden and lowintensity worksite dietary and lifestyle
intervention comprising group education and personalised nutritioeffective for improving
dietary behaviour, body composition and indicatorss@flbeingF 2 NJ FANBSFAIKIGSNE P ¢KS

high level of feasibility renders it appropriate for organisational rollout.
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Chapter 8. General Discussion

8.1.0verview

This chater discusseshe practical applicationsf how the novel nutritional assessment tools and
interventionswork togetheras an integrated systenmtervention strategies arsuggestedo offer
health professionals a practical guide regarding the interpietabf thefirefighter centilecut-offs.
Several scalability and rollout options are suggested for consideration of UK fire and rescue services
(FRSs)Ihe interventions within this thesis arguably outperformed the four most comparable
publishedfirefighter nutrition intervention trials The likelyconcomitanthealth improvementsire
therefore likely to yield @ubstantiallygreater return on investmentwhich has been estimated to

be 5:1 yielded by a comparable USA intervention of arguably less effitheygeneral strengths
throughout this thesis includeriginal contributions to knowledge, external validity of the
assessment tools and interventions fse in other UK FRSs, and the clustamtrolled study design
which harnesseteamwork and group cohesion which is characteristic of this occupational group.
The general limitations included the unpredictable and dynamic nature of fire stations, which
presented some challenges in terms of participant availability. This informed the decision-to pre
allocate the clusters to either the intervention or control arm of the study, as opposed to

randomisation Finally, future research directions are discusseduiiog national level research.

8.1.1. Phase€l. Investigate firefighter misclassification generated by BMI

/ Kl LJG SNJ are validyfylohBMi f& Blassiying UK firefighter adiposity sRtfimntified the
prevalence of overweight/overfat and obesityliRBfirefighters, achieving its objectives by clearly
showing the differing prevalence levels across a variety of indices. It also comprehensively showed
the varying levels of misclassificatiganerated by BMI. When comparitite results with results of

the most comparable USA firefighter study (Gétodl., 2016), combined prevalence of overweight

and obesity quantified by BMI was identical for male firefighters (80.4%). However, differences
clearly existed between studies in terms of body composition, whereby mean BF% was measured to
be higher in this study, however, mean WC was measured to be higher in the USA study. This
highlights the complexities of body composition and the limitationBM which is intrinsically blind

to adiposity and skeletal muscle. Both studies concluded that BMI generated unacceptable levels of
misclassification rendering BMI to be an assessment tool of poor validity. The only comparable UK
study prior to this was aoducted by Muniret al. (2012) which solely quantified prevalence of

overweight and obesity (using BMI) within a county UK fire brigade at two timepoints. Whilst that
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study looked at BF% and WC, misclassification and validity of BMI was not investigrditedrrfore,

the study only assessed male firefighters. As such, the study presenthdpter 3 is the first in the

UK to assess the adiposity of female firefighters, using the largest sample of female firefighters in
any study globally. It is also thesti female firefighter study globally to assess the levels of
misclassification comparing BMI with a range of adiposity indices. The main limitation of the study
was that only white firefighters comprised the sample due to a lack of ethnic diversity wWithidK

fire services@QNS, 201P This study indicates a concerning level of adiposity for male UK firefighters.

8.1.2. Phase&. Development of UK firefighter body composition centile charts

The aim of developing a suite of white ladirefighter body composition centile references was
achieved firstly by collecting sufficient data to generate the charts display@ubioter 4. It was
estimated that approximately five hundred participants would enable the creation of representative
centile curves, along with an even dispersal of ages and a representative sample of firefighters. The
sample was indeed deemed as being representative of the wider firefighting population, however,
whilst participant age was evenly dispersed, a limitatibthe study was a smaller number of
firefighters within the lower and upper age rangedthough his is reflective othe UK fire service
(Williams et al., 2013)'he Cole and Green (1992) method reduces skewness, and there were
roughly even numbers ofréifighters within the lower and upper age groups, therefore the reference
curves were deemed to have achieved their objective of providing a representative reference of
firefighter body composition. The main limitation of the study was that insufficietd deas

available to generate gender and ethnicity specific references, however, this would involve a
nationwide study to collect sufficient data for white female firefighters. Due to the lack of racial
diversity within the UK FRS3NS, 2019 ethnicity sgcific references remain unfeasible. These were
anticipated limitations which were beyond the scope of the current study to overcome, thus they
were not objectives of the study. The most comparable body composition references were recently
published by Leet al. (2020) for UK white adults over 40 y of age. The references presented in
Chapter 4 are the first of their kind for firefighters globally. They provide UK FRSs with an
assessment of nutritional status whiofffers greater validity than the commonly used BMI and BF%

classification systems, by overcoming the limitations intrinsic to both.

8.1.3. Phase3. Development of a firefighter dietary assessment tool

The aim of developing and validating a firefighter digtassessment tool was achieved in two
stages. Firstly, via the dietary assessment of a representative sample of 180 firefighters using the
EPI&orfolk FFQRinghamet al., 2007). A strength of this initial stage of the study was the number

of FFQs completd which was toward the upper end of the range of respondents recommended for

224



FFQ validation studies by Caeteal. (2002), helping to obtain a representative sample. The second
stage of the study involved the validation of the newly develope&FB agast the reference
measure of three multpass 24hr recalls. Strengths of the validation study included the inclusion of
Bland and Altman analysis for testing the agreement between tHeREF-and the referenceethod.
Furthermore, the FFFQ was tested foeproducibility,demonstratng a high level of precision. Both
of these study strengths are often overlooked in FFQ validation studies within the literaturegCade
al., 2002 2004. The FFFQ is the first for UK firefighters, and demonstrated an accéptabel of
validity within the context of comparable validation studi€tegal and Larkin, 199BrocterGrayet

al., 2017;Steinemanret al., 2017) whilst meeting the minimum validation requiremenstipulated

by Cadeet al. (2002) in a review of FFQ validation studies. The limitations of the study included the
use of a retrospective reference iid which suffers from similar sources of error and biathas
FFQ. However, the gold standard fortdiy assessment of weighed food diaries/{ngstone and
Black, 200Bwas not feasible for administration within this population group due to participant
burden and attrition concerns. Biomarker nutrient analysis on a subset of participants may have
further validated the FFFQ, however, this too was unfeasible due to financial restrictions of the
current study. Whilst there are a paucity of validated firefighter dietary assessment tools globally,
the only comparable instrument is a short fifteéem screaer to assess adherence to a
Mediterranean diet, producing a modified Mediterranean diet scfanget al., 2014) This is a

dietary quality score for USA firefighters as opposed to a comprehensive dietary assessment tool.
The FFFFQ is therefore the most comprehensive validated FFQ for firefighters globally. When
utilised within the fire station intervention study(apter7) the FFFFQ performed very well,

enabling efficient and effective dietary screening, and comprehensive detection of significant dietary

intake changes over time whilst not overburdening participants.

8.1.4. Phased. Creation and implementation of a kitchdrased cookerworkshop for mess

managers

The objectives of this study were to design and test the efficacy and feasibility of a fire station mess
kitchenbased practical cookery wakop and accompanying healthy recipe cookery book. These
objectives were met utiing the high level of nutrition training possessed by the researcher, as well
as the valuable experience deriving from the researcher being a former professionaimarage
himself. These strengths facilitated the successful design and organisation of the workshops, which
demonstrated high feasibility in terms of the very high study enrollment rate and overwhelmingly
positive participant feedback. In terms of efficacy, tastrolled intervention study demonstrated

that the workshops significantly improved the fire station food environment across several

modifiable parameters. A limitation of the study was the small sample of mesmgers which may
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havereduced statisticagbowerto detectsome of the norsignificant improvements. Similar to the

prior intervention 6ee section 8.1)5the ninemonth followrup data collection was reduced due to

the Covid19 pandemic, therefore the longrm sustainable effects of the workshe@are unknown,
however the limited data which was collected fox8 of the intervention watches suggested that
beneficial changes had been maintained. Further research would be required to ascertain the long
term durability of the beneficial environmentaiodifications elicited by the intervention. The most
comparable study is the FFIRE study (Goheef?)2®esults of the FFIRE intervention showed
equivocal/greater improvement for the control group compared with its intervention group.
Enroliment and atttion were also poorer for FFIRE compared with the present study. Along with the
lower intensity and lower financial expense of the present study, it is arguable that this study
outperformed FFIRE both in terms of feasibility and efficacy. Furthermoresttitg represents the

first fire stationbased cookery workshop intervention for the UK fire services.

8.1.5. Phaseb. Development and implementation @ffire station dietary and lifestyle intervention

programme

The aim of this study was to develop a feasible fire statiased dietary and lifestyle intervention
programme and to test its efficacy in a clustemtrolled trial. This work built upon the pilot trial by

the authois (Lessons and Bhakta, 2018), firstyyintroducing a group based educational component.
This can be considered as a study strength due to the importance of group dynamics characteristic of
firefighting watches, which is discussed in greater depth later on in this chapter. Other
enhancementaipon the pilot trial included the use of the dietary assessment tool validated for UK
firefighters, and the sophisticated analysis of body composition utilising a high grade analyser of
relatively high accuracy (Verneyal., 2015). Previous fire statidmased health interventions have
generally utilised inferior equipment, and very few of them have utilised a dietary assessment tool
validated for firefighters. The exception to this is a firefighter dietary intervention trial named
WCSSRAY 3 | WS @IKQR D KO NIa @ @dosPrietart alg Z017) ddxaH ufilised tBeR
modified Mediterranean diet score short questionnaire for firefight@fanget al., 2014)

In terms of efficacy for improving dietary behaviour, the interventi@Gnafpter 7) demonstrated a

high level of efficacy compared with the most comparable fire staltiased controlld interventions

i.e. PHLAME (Elliet al., 2007) and FFIRE (Goheer, ZOLimitations of the study included a

relatively small sample size compared with PHLAME and FFIRE, and a relatively short study duration
caused by extenuating circumstances in tharfaf the Covidl9 global pandemic which precluded
complete data collection at the nia@onth follow-up. However, the data which was collected at the

nine-month mark was consistent with the significant beneficial improvements in dietary intakes,
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anthropomery and body compositionbserved at fowmonths post interventionA further study
strength was the assessment of skeletal muscle, which has been overlooked by previous firefighter
intervention studies. This demonstrated that the intervention elicitedgaificant reduction in mean
body fat without loss of muscle. This further demonstrates the efficacy of the intervention,
particularly for firefighters who require greater muscular strength and endurance to safely and
effectively perform firefighting taskStevensoret al., 2017). This represents the first controlled UK

firefighter dietary and lifestyle intervention study.

8.2.Practical applications

8.2.1. An integrated system

Each of the preceding chapters documents the necessity and the development of novel tools for the
accurate assessment of UK firefighter nutritional status as well as novel dietary and lifestyle

interventions for the improvement/maintenance of firefighteealth. The studies represerthe

g2NI RQa TFTANRUG adzAaGS 2F o02Reé 02 YL théfisidRigry NEFSNB y (
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component fire statiorbased detary and lifestyle intervention programme.

Whilst the tools and interventions can be used exclusively of one another, they were designed to
work in harmony as an integrated system. In a tipg®r environment with eveincreasing
administrative responsibiies being expected of fire crews, the tools and systems which are the
product of this research enable fast and efficient assessment of firefighter nutritional status which is
encompassed within a loimtensity, low burden intervention. The temporal omdef intervention
components were designed to cause minimal disruption to the daily fire station routines, whereby
the researcher (a registered nutritionist) would time the group educational component to take place
at a time of day when (a) other activitiesuch as mealtimes, gym usage, fire safety inspections or
other administrative tasks would not be displaced/disrupted, and (b) at a time of day (11:00 am)
when fire crews were more likely to be enthusiastic and less likely to be fatigued. Once this
comporent was finished, the personalised cteone consultations required only one firefighter to
participate at any given time, allowing the rest of the watch to undertake other duties. Furthermore,
the FFFFQ and body composition reference system now enafdstar assessment of nutritional
status, thereby reducing the amount of time necessary to effectively advise each firefighter on a
personalised level. The HFQ, CPAQ and general health questionnaire also provide a rich source of

information which is easto analyse at a glance (for a trained nutritionist). For the wealth of dietary,
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lifestyle and health information yielded from these three questionnaires, the average time for
completing all three is approximately fourteen minutes, which further enhatteeefficiency of the

overall process.

8.2.2. Broad potential intervention strategies

Table8.1 displays the proposed FMI catfs and correspondingroad potentialintervention
strategieswhich could be considered by health professionals whenguia FMI centile curve
references during body composition assessm&itHtR has been included within thable as an
indicator of early health risk because it is recommended as providing an assessrpetdntially
greater validity than BMI and WC, as gagted by the results @hapter 3, and as recommended by
Ashwell and Gibson (2016).

Table8.1. FMIWHtR cut-offs and corresponding suggested broad intervention strategies

FMI centile/WHtR range Definition  Intervention
< 2d Underfat  Dietaryconsultation with a specialist dietician/nutritionist
>X y R ™K< @51 Healthy None
Educating the firefighter that they are above average adiposity
>50" y R ™K y p Earlyalert Dietary and physical activity advice; Encourage use oédireice
online wellbeing resources.
Educating the firefighter on the health implications of obesity;
>83" yR ™K ¢p Overfat/ Dietary and physical activity advice; Encourage use of fire serv

0.50.59 High risk  online wellbeing resourcesai®e awareness of support services
and show them that they are close to mandatory improvement.

Obese / Intensive support; Educating the firefighter on the health

>08" YR ™K dxy Veryhigh implications of obesity; Dietary and physical aitgiadvice;
risk Encourage use of fire service online wellbeing resources; Refe

to support services; Mandatory improvement begins.
Dangerous level of adiposity therefore consideration needs to |
>Class 1 given regarding their fitness for operational duties; Intensive

>98"'k X 5n1dcC obese / support; Educating the firefighter on the health implications of
Very high  obesity; Dietary and physical activity advice; Encourage use of
risk service online wellbeing resources; Referral to supponises;

Mandatory improvement required.
Abbreviation: FMI, fat mass index; WHtR, waisheightratio
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8.2.3. Scalability and rollout options

The integrated system was also developed with financial expense in mind, as the emerging financial
climate and concomitant financial restrictions placed uptf FRSdictates the requirement for
efficient and financially viable solutions to complex probderys such, potential scalability and

rollout options are outlined below.

8.2.3.1. Phased rollout

This approach provides a levost option, requiring a single registered nutritionist to systematically
rollout the intervention across all watches within an FR®. stations/watches identified as having

the highest number of cardiovascular risk factors/sickness absences could be addressed initially to
help improve the health of those personnel most requiring assistance, before rolling out to other

lower risk areasf an organisationthus adopting a phased approach. To help maintain beneficial

AYGSNBSyGA2y STFSOGa 20SNJ GKS f2y3aASNI GSNYI LISNR 2

on a rolling basis. This has been suggested as a solution to avoid reyadsialthy behaviours
which has been observed to occur over the long term following previous fire stiatised health
interventions (Caregt al,, 2011; Ranbwgt al, 2011; MacKinnoet al., 2010). Furthermore, the bond
and trust formed between serviagsers and a health professional is suggested to be a contributing
factor in terms of continuity of care resulting in improved health outcoifi@eeman and Hughes,
2010) therefore using the same nutritionist who has gained the trust and professional respect of

firefighters over the long term could provide added benefit.

8.2.3.2. Targeted approach

This approach involves targeting the higsk watches/stations only. As such, the watches identified
as being relatively healthy would not benefit from the intervention. Whilst this approach represents
the lowest cost option, it must be remembered thaefighters of a healthy weight still benefit from
nutrition education. Indeed, nutrition is a continualtyolving discipline with arguably no other area
of science more fraught with misinformation which can of course adversely influence dietary beliefs
and behaviours, potentially leading to future health being compromigedericanDietetic
Association2006) As established in earlier chapters, firefighters gain weight at an accelerated rate,
therefore overweight and obesity prevention should not be overlooked. Furthermore, throughout
the course of the intervention study, many firefighters began comsg oily fish and supplementing
with vitamin D as a direct result of the recommendations from the nutritionist. The health benefits
from dietary improvements such as these should also not be overlooked, as whilst a firefighter
possessing a healthy bodgraposition is at reduced risk of CYDonoghue and Bates, 2000; Chung

and Pin, 1996; Cheit al., 2016) the occupational exposures specific to firefighting, still increase the
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risk of cardiac events, injury and other NGBmithet al., 2016; Hunteet al,, 2017; Kales and Smith,
2017) Optimal/adequate nutritional status in terms of hydration, macro and micronutrient status is
likely to reduce the risk of such issugtunteret al,, 2017; Let al, 2017; Abdelhamiét al., 2020)

This observation is shared by the authors of a recent USAfitefi dietary intake study which
identified widespreachigh intakes of sodium aridadequate intakes ageveral micronutrients
(Johnson and Mayer, 202a)he authorzited Kuehlet al. (2013)who recommended education as a
means of improving nutrient intakes within firefighter populatiolighe targeted approach was the
only viable option, or an interim arrangement during a financially challenging period, then this
option could be bolstered by s offering the intervention to watches who proactively request the
service, which occurred numerous times throughout the study pefoting refresher intervention

sessions would likely help preserve beneficial intervention effects.

8.2.3.3.Phased rollout or tmeted approaclaugmented with multiple body composition analysers

for selfmonitoring and feedback to a registered nutritionist

Following initial interventions, multiple analysers could be provided at strategic locations within the
fire service for selmonitoring and feedingback body composition data to a centrally based

registered nutritionist. A systematic review Bankheacet al. (2003)reported that screening alone

can have a feourable impact upon healthy behaviours. If used in combination with the fire station
intervention, this would likely help to sustain beneficial intervention effects over the longer term. In
this context, regular body composition analysis could behavenagtizational tool via feedback to
individual firefighters as well as a nutritional surveillance system whei#e# to a health

professional. As emphasizedGhapter7, the importance of rapport building and education prior to

the delivery of body composition analysers should not be circumvented, as this is a crucial initial step
which, if overlooked may lead to resistance, especially within an institution which has bee

identified as beingulturallyresistant to changéJahnkeet al., 2012; Torreet al,, 2019)

8.2.3.4 National approach

This enables a scalable rollout on a national level. Wellbeing officers employed within UK FRSs can
be trained to carry out the programme. This is facilitated by a growing number of registered
nutritionists being employed in UKRS Wellbeing teams around the UK, as they are trained to
understand the complexities and evidenbased science underpinning this programmeggdciation

for Nutrition [AfN], 2020).

8.2.4. Messmanager cookery workshops

The fire station mess kitchdpased practical workshops showed high feasibility and efficacy when

undertaken with groups of approximately six ma@sanagers. This number of participants was
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informed by previous research outlinedGhapter6z I a ¢Sttt Fa GKS NBaSF NOKSI
factored in the size of LFB mess kitchens. This number ofmasagers facilitated an environment
conducive to group cohesion, active participation in terms of sharing of ideas/experiences as well as
activeinvolvementin the practical aspects of food preparation. This relatively conservative number
of personnel (compared with other LFB courses) did not impact adversely on staffing levels and did
not create any issues regarding fire cover. It is therefore recommended#riodic workshops are
undertaken by a registered nutritionist and offered to mesanagers following the primary

intervention. This temporal order of intervention components is important due to the initial primary
intervention providing the theoreticdknowledge which underpins the messanager workshop

syllabus content. Once again, mesanagers are more likely to want to participate in the workshop
once rapport between themselves and the nutritionist has been built. Furthermore, they are more
likely to value the workshop following demonstration of the importance and impact of nutrition

upon health. This desire for improvement to the fire station food environment has to come from the
messmanagers themselves rather than mandatory imposition of a trgiciourse if the fire service

is to achieve the desired paradigm and cultural shift toward a healthier worksite food environment.
The practical nutritional concepts learned in the workshops will then have a greater chance of being
practiced, and the messookery book will have a greater chance of being valued and utilised by
messmanagers upon returning to their watches. It is proposed that this order of intervention
components will produce the greatest efficacy in terms of reproducibility of the food envieat

improvements reported ilChapter 6.

Whichever option or combination of options is/are adopted by FRSs, it is strongly advised to use the

skills and rigorous scientific knowledge of a nutritionist who is registered with the Association for

Nutrition (AfN) which regulates the UK Voluntary Register of Nutritionists (UKVRN). The UKVRN is

the only register of qualified nutritionists recognised by Public Health England, NHS Choices and NHS
Careers. UKVRN registrants are distinguishable by the post ndetieas: ANutr or RNutr
OReyisteredassociate/ dzA NA GA 2y A A0 Q 2N WNBIAAGSNBR ydziNAGA2Y A
of evidence based training and mandatory adherence to a strict code of ethical conduct which is

designed to protect the endser (AfN, 200).

8.3 Health improvements

The most widespread fire statidmased wellbeing programme globally is the North American
w2 StfySaa CAlGySaa LGaperilAlaigdSaesectionaCdtudy bNEbsicstS 6 SR A Y
al. (2013) (alsaeviewed inChapter 1) found that, when compared with fire departments who had

not adopted key components of the WFI, the fire departments which adopted WFI components
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comprised firefighters who exhibited a significantly leaner body composition and wheless

likely to suffer from obesity (classified by any weight/adiposity measure). Furthermore, they were

less likely to be hypertensive, exhibited greater levels of physical activity, superior cardiorespiratory
fitness, considered themselves to be headth were less likely to be smokers, reported less anxiety,

greater morale and satisfaction with their career, colleagues and employer. Although limited by its
crosssectional design, the study provides evidence of a scalable fire stadised health promtion

intervention programme showing significant associations with the health and wellbeing of

firefighters. Chapters 6 and 7 of this thesis show significant improvements to markers of firefighter

health that go much further in terms of the focus on figéfier diet and nutrition compared with the

WEFI. Furthermore, this intervention arguably outperformed the most comparable fire staasad

interventions by Elliogt al. (2007), Caregt al. (2011), Goheer (200 and Torreet al. (2019).

Further still, thle overwhelmingly positive feedback of the intervention system presented in this

thesis has received the recognition and governmental support from the Deputy Mayor for fire and
resilience in London, the London Assembly at City Hall and parliamentaridestdtise of

Commons. It has also received Agovernmental organisation recognition from the Caroline Walker
¢NHza i 6K2 ¢l NRSR GKS LINBINIYYS O22NRAYF (2N 6 NB3
H n mTh@programme also recently received recighiz Yy FNRY Wt dzof AO { SOG2NJ /
Fyy2dzyOSR GKS NBASEFNODKSNIFa GKS gAYyYSNI 2F GKSANJ
good practice in the delivery of a clear health and nutrition strategy, encouraging the concept of
eatingforhealthvk G KAy |y 2NBAFYAalGA2yQ

8.4. Financial consequences of firefighter obesity

During 2018/19 there were a total of 2,646 firefighter injuries in England (Home Office, 2019).
Jahnkeet al. (2013) found obese firefighters to be 5.2 times more likely to suffer a musculoskeletal
injury compared with healthy weight firefighters in a prospective cohort of 347 USA firefighters.
separateUSA studypy Postoret al., (2011)Yound BMI to be an inebendent predictor of injury

related absenteeism. After controlling for confounders, the study found that overweight firefighters
were 2.6 times more likely to be absent from duty due to injury compared with firefighters of a
healthy weight. This odds ratincreased to 2.7 for class 1 obesity and to 4.9 for class 2 and 3
obesity. This translated to estimated annual financial costs of $74 per overweight firefighter, $254
per class 1 obese firefighter and $1,683 per class 2/3 obese firefighter. The awthohsded that
these were conservative estimates and were therefore likely to underestimate the true financial

burden(Postonet al, 2011)
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Kuehlet al. (2012) followed his study by undertaking a secondary analysis of data from the PHLAME
cohort (ElliotetalYy HAnntTO0® YdzSKEf FyR O2fftSI3dzSa aasSaasSR i
injury claims filed by USA firefighters at baseline. The study found obese firefighteysort back

injuries 6% more often than healthy weight firefighters. Indeed, back injuries were the most cited
cause of compensation injury claims (35%) followed by knee/lower leg injuries (17%). There was also
a significant difference between obesedahealthy weight firefighters in terms of visits to a

specialist (34% vs 13% respectively). The odds of filing a compensation injury claim were nearly three
times greater for obese firefighters. This supports the findings of the study by Petstdr{2011),

and a prospective cohort study IBoteriadeset al. (2008)which identified that each single unit

increase in BMI was associated with a 5% increase of firefighter disability. Soteriades and colleagues
concluded hat fire stationbased dietary and physical activity programmes should be supported by

fire service leaders. It must be noted that the study by Postoal. (2011) was conducted over one
decade ago, therefore the financial impact figures are lower thay thould be at the present time

due to inflation.

8.4.1. Return on investment (ROI)

A common issue impeding the implementation and progression of health intervention programmes
in the fire service is caused by the oversight of administrators who often favourtgortfinancial
savings over longeerm ROKKorre, Smith and Kales, 201Blpowever, for FRSs who are willing to

adopt a highly feasible intervention programme of high quality, the ROl is likely to be substantial.

Indeed, a USA fire service report commissioned byAlird- showed significant reductions in

firefighter injury claims made by WFI firefighters compared with-ddil firefighters (17%
improvement), as well as fewer lost working days (83% improvement) (IAFF, RQ68)et al.
(2013)evaluated the impact of the PHLAME intervention (revieweGhiapter 1) upon firefighter
compensation claims and medical costs. The study found significant reducticormfrensation

injury claims and medical costs following implementation of the intervention, and also when
compared to similar fire departments without the intervention. This equated to an ROI of 4.6, which,
O2yaARSNAY3I (GKS Ay i Nsidetheindcassitnal professibrial expgris& y a A G & |
involving twelve sessions of motivational interviewing undertaken by professionally trained
counsellors, this was a relatively expensive intervention amounting to $600 to $1500 per firefighter
depending on widh arm of the intervention they were allocated to. It should be noted that the
PHLAME study (Elliet al., 2007) is thirteen years old therefore these costs would be far greater at

the present time when accounting for inflation. As discussethapter 7, the UK fire statiorbased
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dietary and lifestyle intervention programme of this thesis yielded arguably more beneficial results
than PHLAME, and incurred a small fraction of the costs attributed to PHLAME, therefore it is
suggested that the ROI tfis intervention would be of substantially greater magnitude. This of
course would require further research to quantiKuehlet al. (2013)noted that financial savings of
the PHLAME intervention were underestimated as they did not include lost working days, pre
arranged overtime costs and backfill in their analysis. Indeed, several other added costs can be
incurred from firefighter absencacluding training course cancellations, accident investigation and

other administrative tasks.

8.4.2. Long term sickness absence reduction

Long term sickness absence (LSA) accounts for 75% of total costs associated with sickness absence in
the UK(Henderson, Glozier and Elliott, 2008)recent study by Choi (2017) identified a direct
association with firefighter weight loss and reduced LSA, finding thattbgarourse of one year,
individual moderate weight loss{B)% of baseline weight) via healthy behaviours i.e. improved diet
and physical activity was associated with a significantly reduced risk of LSA. This amounted to
around a 10% and 20% reduced gsknpared with firefighters who maintained their weight or
firefighters who gained moderate weight respectively. This difference is likely attributable to a
reduction in the adverse effects of excess adiposity outlingthapter 1, including mental health
improvements associated with reduced adipogiBariepy, Nitka and Schmitz, 2010; Dasjlla
Benzeval and Kumari, 201@ydeed, USA Fire departments with wellness programmes have
significantly less firefighters suffering anxiety disorders (Postat, 2013), And research supports

a positive association between healthier dietary choiaed inproved mental healtiiJackaet al.,

2017; Tolkien, Bradburn and Murgatroyd, 201Bje significant improvements in iadtors of
firefighter wellbeing which resulted frohis UK firefighter dietary and lifestyle intervention
programme will therefore likely yield financial savings which go beyond those associated with

physical injury, illness and disability.

8.5. GaeralStrengths

Chapter 3 represents the first study globally to comprehensively investigate the validity of BMI and
WC for classifying female firefighter adiposity status, the first study in the UK to do the same for
male firefighters, and the first stydto quantify the adiposity status of female UK firefighters using a
variety of indices. Chapter 4 offers practical solutions to overcome the poor validity of BMI for
assessing the nutritional status of firefighters. These solutions represent the fiestodirefighter

body composition references globally that will help reduce the widespread misclassification

generated by BMI. Chapter 5 represents the first UK firefighter specific dietary assessment tool
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which enables the efficient, reliable and preciietary assessment of an occupational group who
face a multitude of obesogenic risk factgksaddock, Poston and Jahnke, 2011; Jalatle, 2012;
Dobsonet al., 2013) This performed very well during the intervention studythépter 7, and along
with the body composition references, is externally valid for use in other UK ERgger7
represents the first UK fire statidoased dietary and lifestyle, controlled im@ntion trial. The high
feasibility and efficacy render it a highly viable and efficacious option for UK FRSs to
improve/maintain firefighter healthChapter6 represents the first UK controlled trial to assess the
feasibility and efficacy of a fire stati mess kitche#based practical cookery workshop and
accompanying cookery book designed to educate and support-massgers. This also indicated

high feasibility and efficacy, and further enhances the intervention programme.

A major strength of the inteention study was the clustesontrolled study design, which was

identified by Postoret al. (2013) as a gap in the scientific evidence base of firefighter interventions.
The strengths of this study design are discussdthapter 7, however, the strengthef maintaining

the fire station watch structure whilst delivering the group education component of the intervention
go beyond those strengths. Indeed, cohesion and camaraderie are cultural traits of the fire brigade.
It has been observed to be so importahat it has actually been inversely associated with accident
frequency due to familiarity, awareness and fire crew synchronicity improving the safety of
firefighters(Driessen, 2002¥urthermore, team cohesion influences the general mood and
paradigms of watches at the fire statiomterms of enthusiasm, work pace, rest period activities,
expectations, decisions and convivial mealtimes. Cohesion is facilitated upon the establishment of
expectations, rules and agreemeriBriessen, 2002}therefore cohesion is an important

determinant of intervention adherencend succes¢Banes, 2014)The researcher of the present

study engaged with many watches during the intervention study. A particularly cohesive watch
stood out who wer&known for their strong interpersonal relationships, epitomgsthe powerful

effect of group influence. This was demonstrated by the whole watch adhering to a ketogenic diet in
support of one or two of the other firefighters who were attempting to losdghé It should be

noted that this diet was not advised by the researcher, however, tlig@d example of the

cohesive strength of some firefighting watches, and is consistent with qualitative research by Jahnke

et al. (2012) in terms of firefighter ¢wesion in the fire station food environment.

Whilst it has been demonstrated that intrapersonal motivation is a key determinant of firefighter
physical fitnes¢Staley and Weiner, 201lthe social famework defining individual watches and the
fire service imposes multiple levels of influence which may determine behaviours regarding health
improvement and disease risk reduction. These intra/interpersonal, organisational and hierarchical

influences havéeen observed to affect firefighter behaviours regarding modifiable risk factors for
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health (Staley and Weiner, 2011} his was outlined iGhapters 6 and7 in terms of the more health
conscious firefighters often succumbing to the unhealthy influences of their peers at mealtimes
(Haddoclet al., 2011 Jahnkeet al., 2013, and highlights the importance of harnessing group
dynamics, intervening and educatiagthe group level as well as the individual lefiliotet al.,
2007; Torreet al,, 2019)

On many occasions during the delivery ofthe grdup 8 SRt 2 6 SNX 2 Ay G LINBaSy il
I YR | SdefppdiR7.4pwithin the intervention Chapter7), the researcher (presenter)

noticed this complex interplay of social dynamics at work. Anecdotally it seemed that the watches

who were most engaged and who actively participated in the presentation in termgiobas

guestions, were the watches who seemed to yield the best outcomes from the intervention.

Furthermore, if the firefighter/officer with the greatest influence appeared engaged and interested,

their enthusiasm and approval seemed to translate to othenrbers of the watch. These
WAYTFEdzSYOSNERQ 6SNBE ISYySNIfte FANBFAIKISNER 2F | K
experience. Whilst this would require appropriate research to confirm,ahécdotalobservation is

consistent with research fgtaley and Weiner (201®hich identified older firefighters to be more

conscious of the importance of risk factors for CVD and MI, which was associatedcvétsatd

motivation to ameliorate the risk via increased participation in physical exercise programmes. The

same study found that the officers in charge who were disinterested in physical training and did not
encourage their subordinates to exercise, pregehan interpersonal barrier for their healthy

behaviours. Within the present study, two polarizing examples of this managerial influence in action

are consistent wittStaley and Weiner (2011yhe positive example was seemingly driven by strong
leadership in terms of the clear admiration exhibited for a station officer from his watch. His

support, enthusiasm and adherence to the intervention seemed to hasteong influence over his

colleagues. This enabled environmental modifications to the watch mess in terms of amelioration of
obesogenic behaviours€eChapter6). On a group level this may have contributed to safihe

most significant improvements idietary behaviour, anthropometry and body composition observed

within the study sample. At the opposite end of the spectrurdifferent watch had an officer in

charge whowvas a smoker with obesignd expressedcepticismof the intervention¢ KA & f S RSNIDa
decisionnot to participateY @ KI @S ONBI G SR I messiaidgBns paiticipatdld G0 KS g |
in the subsequent messianager workshop, which resulted in that mesanager being the only

invitee to decline. These otopposite examples of managerial influence resulted in opposing

intervention effects, illustrating the position affluenceheld by watch officers regarding the health

of their watches.
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Until fire statiortbased intervention programmes for firefighteealth improvement/maintenance

are fully endorsed by leaders, and until they are incorporated as routine events, the healthy
behaviours and benefits derived from interventions will be difficult to maintain in the long term
(Careyet al,, 2011) Every opportunity for the successful outcome of such programmes should
therefore be provided both at the orgasaitional level and the fire station managerial level. At an
organisational level, the provision of siafént allocated time on duty, without interruption of other
administrative tasks for personnel to use gym facilities to improve fitness and health was deemed as
positive organisational and managerial suppoytStaley and Weiner (201)hilst LFB policy

stipulates that time will be allocated for such physical activity, it may often be marginalised in favour
of administrative tasks. Although not reced, this was a common complaint fed back to the

researcher by watches during group education sessions.

The efficacy of the intervention system alongside widespread staff acceptance of all intervention
components, the desire for accurate assessment ofitiatral status and the overwhelmingly
positive feedback from firefighters regarding the programme are strong indicators of feasibility.
Furthermore, other UK FRSs have approached LFB for information on how to implement the
intervention system. This has haga culture shift in the UK fire service whichnleet al. (2012)

regarded as amstitution which is uniquely resistant to cultural change.

Finally, a major strength underpinning the successful execution of all study components was the
NE&SINODKSNDa SEGSyairodsS SELISNA-Bah&ysr inlcanjunictionfu@tiNy S NJ [ C
being a registered nutritionist with specialisms in publialtie nutrition and sports & exercise

nutrition. Firefighters are considered as industrial athletes (Postal, 2011), therefore this blend

of specialist nutrition training was particularly wsllited to advise this occupational group. This

overall conbination of attributes and experience enabled effective communication and rapport

building with personnel, and furthermore provided a uniquely intimate knowledge of the stressors

and demands of firefighting, fire station life and its cultural nuanced, wbitk and how this all

interplays with diet and nutrition.

8.6. GeneralLimitations

The limitations of each individual study are discussethapters 37. A general limitation was the
unpredictableand dynamimature of the fire brigade due to the fact that personnel can be

mobilised to an incident at any given moment. This presented a challenging environment for a field
researcher to operate whin, sometimes resulting in incomplete data collection, which Bretval.
(2016) also noted as being a limitation resulting in incomplete data sets when conducting fieldwork

at fire stations. This was mitigated to a large extent by the researcher dgrpfahning station
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engagements to coincide with pilocated training days, whereby the fire crew(s) were temporarily
unavailable for emergency callouts to facilitate statlmsed training. When this was not possible,

the researcher contacted the relenalLFB personnel department in advance of a station visit to
request that the crew(s) be temporarily immobilised to facilitate the intervention/data collection. If
this was not possible, the researcher attended the station as scheduled and worked ardlontsca

by waiting for the crew(s) to return to the station following a callout. This involved a certain amount
of judgement in terms of gauging the likely duration of an emergency incident. If it was deemed that
the watch may be away from the station fopeotracted period, the researcher rescheduled the

visit for the earliest mutually convenient date. This system of organising and scheduling station
engagements resulted in very little study disruption, thereby optimising data collection
opportunities, aopposed to Browret al. (2016) whose fire station data collection solely relied upon
fire crews not being called out too often or for long periods. As such, their study resulted in
inevitable wasted time and missing data. The comparably smoother runnihisaftudy was

facilitated bya study strength in terms of intimate knowledge of the organisation derived from the
NE&aSIHNOKSNDa JFad SELISNASYOS 2 Ffyesrkobserfice. | & |
A further limitation was the limited widowfapportunity in which to visit watches. This was firstly
due to the timepoor environment whereby the researcher had to fit in around various training
activities, administrative duties and mealtimes. To overcome this, the researcher developed
interventionand data collection techniques to be as efficient as possible e.g. tRE@QFRvas

developed with efficiency in mind to suit the dynamic environment @eagpter 5). The same

principle was applied to body composition analysis and anthropometric measursmehich took

no longer than two minutes per firefighter. The resulting lmtensity and lowburden intervention
programme is therefore tailored for use in the dynamic environment which is characteristic of fire
stations. Not only are fire stations evecreasingly timgpoor environments as outlined ithapter

1, the shift system dictates that any given watch is only on duty two days within everydaght

cycle. This limited the opportunity for the researcher to schedule watches into the study, as a
mutually convenient day shift could not always be agreed upon. This therefore resulted in some
watches being missed from the study, which is stated in the previbapters. The watches missed
were however due to random extenuating circumstances i.e-ghi@ated training events, therefore
reducing selection bias. These were expected limitations of conducting a fieldbased study at

operational fire stations.
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8.7. Future research directions

National research across the UK FRSs could facilitadetredopment of white female firefighter
body composition references. This would entail the study recruitment of approximately one third of
the 1,300 fullitime white female firefighters serving in Englafitbme Office, 2019)The UK white
male firefighterreference arves Chapter 4) could also be further refined with additional white
male firefighter anthropometric and body composition data, especially within the younger and older

age categories, which would further improve the external validity of theregfcecharts

The UK firefighter dietary assessment tool could also be used to collect firefighter dietary intake data
on a regional/national level to facilitate investigations into micronutrient intakes. Future research in
this area could further our knledge on firefighter dietary behaviour and add to the emerging
evidence base e.g. a recent studyHbgrsheyet al (2020)utiliseda validated FFQ to investigate
associations between firefighter anthocyarimake, physical activity and lipid profiles. This growing
evidence base will hopefully inform targeted nutritional strategies to reduce the heightened risk of
CVD observed in &fighters (outlined irChapter 1).

Firefighter dietary patterns and strategies to help mitigate the adverse metabolic effects of shift
work (outlined inChapter 1) are also avenues worthy of future investigation. Chyamiition and
time restricted feedig (TRFhave been suggested as strategies for improved glycaemic control for
an overweight and obese population gro(fparret al,, 2020) and for the ptential prevention of
cardiometabolic diseaseés high-stress occupations (Waldman, Renteria and McAlljs2620) It is
envisaged that such an intervention would be relatively simpidifefighters to adhere to, and
therefore presents a feasible, lewost research opportunityndeed,the results from a recergtudy
of n=16USA firefighters suggested that a-gigek TRF intervention reduced markers of oxidative
stress, implying TRB tesult in some benefits to cardiometabolic heafiicAllister, Gonzaleand
Waldman 2020). ldwever, the authors noted thahe study limitations of n@ontrol groupand a
small sample which may not be representativelicates that further research is required in this

area of dietary intervention.

8.8. Implications for policy and practideconclusion

The increased risk of firefighter injury, illness and disability due to a complex combination of
occupational exposurespupled with the high prevalence of overweight and obesity observed in
firefighters, increases the urgent need for intervention. An added exposure of the present day is the
Covid19 Coronavirus global pandemic. Given that obese humans may be at grelatmsrtality

and morbidity from this highly contagious vir{i&assir, 2020)and that risk of infection increases
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above a BMI of 25 kg/f{Public Health England, 202@)has never been more urgent to stage
nutritional interventions to reduce risk of poor health outcomes. Firefighters are likely to be at
elevated risk of infection due to high prevalence of overweight/overfat and obesity. Furthermore,
firefighters areunable to avoid social settings due to the nature of their work, therefore

interventions to reduce adiposity may be particularly important for this occupational group. Indeed,
a new UK government policy for tackling obesity was recently published iaQRfydue to this very
threat and the associated consequences of reduced physical activity and poor nutritional statuses
related to lockdown measures implemented in England during 2020 (Department of Health & Social
Care, 2020).

In conclusionUK FRSare likely to benefit byadoptingthe multi-component fire statiorbased

dietary and lifestyle intervention system describeddrapters 6 and 7, utilising the UK firefighter
body composition references and the UK firefighter dietary assessmentGoabiers4 and 5) for

the assessment of UK firefighter nutritional status. This system will enable valid risk classification

and facilitate the health improvement/maintenance of this essential occupational group.
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Appendix 2.1. London Fire Brigade consent letter

k Hornchurch Fire Station
L 42 North Street

Hornchurch
RM111SH
LONDON FIRE BRIGADE

02085551200 x 17921

To be opened by

London Fire Brigade is run by London
Fire and Emergency Planning Authority
Greg Lessons

Date 21* May 2019
Greg Lessons

To whom it may concern,

| hereby grant Greg Lessons permission to run a nutrition and lifestyle fire station based intervention
programme to benefit the health and wellness of the firefighters.

He may use the data collected for his Ph.D. research which will ultimately serve to benefit the health
and wellness of the workforce.

21%May 2019

-~
7
.,—

&

Colin Digby on behalf of DAC Perez , NE Area Commander

Station Commander

o o tedull 0 =&
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Appendix 2.2London Metropolitan University School of Human Sciences
ethical consent letter

LONDON
METROPOLITAN
" UNIVERSITY

Tower Building
166—220 Holloway Road
London
N7 8DB
Mr G. Lessons
School of Human Sciences

17.06.19
Dear Mr Lessons,

Research project title: A multi-component dietary and lifestyle worksite intervention to reduce
high prevalence of overweight, obesity and acute myocardial infarction risk for UK firefighters.

Thank you for submitting your project for ethical evaluation together with associated documents.
Thank you also for submitting revised documentation where amendments were requested. | am
now able to confirm a favourable ethical opinion for the above research on the basis described in
the research ethics form and supporting documentation.

Approved documents

The final list of documents reviewed and approved is as follows:

Document Date approved
Research proposal 06/06/2019
Ethics application 06/06/2019
Revised Participant Information Sheet/Consent Form 06/06/2019
London Fire Brigade authorisation letter 06/06/2019

Where a variation or substantial amendment to any aspect of the above documentation is
required, the updated version(s) must be submitted to the ethics panel for approval. This approval
covers the duration of the study.

Wishing you every success with this project.

Yours sincerely,

H. David McCarthy PhD RNutr
Professor of Nutrition & Health
Chair, SHS ethics panel

London Metropolitan University | Tower Building | 166-220 Holloway Road | London N7 8DB
Switchboard: +44 (0)20 7423 0000 | londonmet.ac.uk

London Metropolitan University is a limited company registered in England and Wales with registered number 974438 and VAT registered number GB 447 2190 51. Our registered office is at 166-220 Holloway
Road, London N7 8DB. London Metropolitan University is an exempt charity under the Charities Act 2011. Its registration number with HMRC is X6880.
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Appendix 2.3. Participant information sheet

PARTICIPANT INFORMATION SHEET

Title of Project: Health and wellbeing improvement for LFB Firefighters.

You are being invited to take part in a research study. Before you decide whether or not to
take part, it is important for you to understand why the research is being done and what it will

involve. Please take time to read the following information carefully.

What is the purpose of the study?

To help you to improve your health and reduce risk of chronic diseases via nutrition education,
with help and advice aimed at encouraging healthy practices. Additionally, the controversial
BMI system will be adapted to better suit firefighters i.e. it will be amended to prevent
firefighters being incorrectly classed as

average person.

Why have | been invited to participate?
You have been invited because you are a member at one of the fire stations which were

selected for this research.

Do | have to take part?

It is up to you to decide whether or not to take part. Refusal to take part will involve no
penalty. If you do decide to take part you will be given this information sheet to keep and be
asked to sign a consent form. You will not be obliged to follow any recommendations,
nobody else will know what advice was given to you and you will never be held to account
for following or not following the free advice provided. If you decide to take part you are still

free to withdraw at any time and without giving a reason.

What will happen to me if | take part?
Following a group lecture with the rest of your watch, you will be offered a questionnaire to

complete. This will take 10 T 15 minutes and will give the researcher an idea of your dietary
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and lifestyle habits. Following this, a consultation room will be set up where the researcher
will take some basic bodily measurements including height, weight, waist circumference and
body composition analysis which involves standing on a set of electronic scales for 20
seconds. The only clothing removal required is that of your shoes and socks during these
measurements. All data will be kept confidential. Once these measurements have been
collected, the researcher will use these and your questionnaire to offer you the appropriate
advice in a relaxed manner with the intention of helping you to improve/maintain your health
and minimise risk of chronic diseases. You will have the option of the consultation room door
being open or closed throughout. The measurements and advice will last approximately 20

minutes.

What are the possible disadvantages and risks of taking part?
There are no disadvantages or risks of taking part in this study as it is a nutrition education

study aimed to provide information on health improvement.

What are the possible benefits of taking part?

You will learn of some of the latest research in nutrition which will help to improve your
health and avoid diet and lifestyle related disease. You will be offered some simple dietary
adjustments to improve/maintain your health. You will also be given an accurate analysis of
your body composition using state of the art equipment. These results will then be explained

to you in an easily understandable manner.

Will my data be kept confidential?

All information collected about you will be kept strictly confidential. Access to the data will only
be by researchers working on this study. Computer files will be password protected and all
data, codes and identifying information will be kept in locked filing cabinets. The findings
generated in the course of the research will be kept securely for a period of ten years after the

completion of a research project.

What should | do if | want to take part?

If you would like to take part, please complete the consent form.

What will happen to the results of the research study?
The results of this research will be published in a scientific journal. Your identity will not be
recognizable from this. If you would like a copy of the published research you can contact the

researchers at the phone number or email address given below following completion of the
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study. Most importantly, we will use these results to evaluate the usefulness of a nutrition

programme for firefighters to improve and maintain their health throughout their career.

Who is organising and funding the research?
This study is being conducted as part of PhD research work at the School of Human Sciences

at London Metropolitan University, in collaboration with the LFB.

Who has reviewed the study?

This research has been approved by the London Metropolitan University Research Ethics
Committee. If you require more information about this study you can send an email with your
guestions to the member of  the research team Greg Lessons

(grloo80@my.londonmet.ac.uk ). We would like to thank you in advance for your participation.

OR hoar o

Dr Dee Bhakta PhD RD RNutr (public health)
Senior Lecturer in Human Nutrition

London Metropolitan University

166-220 Holloway Road

London N7 8DB

020 7133 4197
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Appendix 2.4. Participant consent form

PARTICIPANT CONSENT FORM

CONSENT STATEMENT

1. | understand that my participation is voluntary and that | may withdraw
from the research at any time, without giving any reason.

2. | am aware of what my participation will involve.

3. | understand that there are no risks involved in the participation of this
study.

4. All questions that | have about the research have been satisfactorily
answered.

| agree to participate.

Participantods signatur e:

Participantds name (please print):

E-mail:

Date:
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Appendix 4.1. Centile cutff values Table 1: SMMI Centiles493

Age Cc2 C9 C25 C50 C75 Cal C98
21.465| 8.14 8.51 8.93 9.40 9.92 10.51 | 11.19

22 8.13 8.51 8.93 9.40 9.92 10.52 | 11.19
23 8.12 8.51 8.93 9.40 9.93 10.52 | 11.20
24 8.11 8.50 8.93 9.40 9.93 1053 | 11.21
25 8.10 8.49 8.92 9.40 9.93 1053 | 11.21
26 8.09 8.48 8.92 9.40 9.93 10.54 | 11.22
27 8.08 8.48 8.91 9.40 9.94 10.54 | 11.22
28 8.07 8.47 8.91 9.40 9.94 10.54 | 11.23
29 8.06 8.47 8.91 9.40 9.94 10.55 | 11.23
30 8.06 8.46 8.91 9.40 9.94 1055 | 11.24
31 8.05 8.46 8.91 9.40 9.95 10.56 | 11.25
32 8.05 8.45 8.90 9.39 9.94 10.56 | 11.25
33 8.03 8.44 8.89 9.38 9.93 10.54 | 11.24
34 8.01 8.42 8.86 9.36 9.91 10.53 | 11.22
35 7.99 8.39 8.84 9.33 9.89 10.50 | 11.20
36 7.96 8.37 8.81 9.31 9.86 10.48 | 11.18
37 7.94 8.34 8.79 9.29 9.84 10.47 | 11.17
38 7.92 8.33 8.78 9.27 9.83 10.46 | 11.18
39 7.91 8.32 8.77 9.27 9.83 10.47 | 11.19
40 7.90 8.31 8.77 9.27 9.84 10.48 | 11.22
41 7.90 8.31 8.77 9.28 9.86 10.51 | 11.25
42 7.89 8.31 8.77 9.29 9.87 10.53 | 11.29
43 7.89 8.31 8.77 9.30 9.89 10.56 | 11.33
44 7.88 8.31 8.78 9.31 9.91 10.59 | 11.37
45 7.87 8.30 8.78 9.32 9.92 10.61 | 11.40
46 7.86 8.29 8.78 9.32 9.94 10.63 | 11.44
a7 7.84 8.28 8.77 9.32 9.94 10.65 | 11.46
48 7.81 8.26 8.76 9.31 9.94 10.65 | 11.47
49 7.78 8.23 8.73 9.30 9.93 10.65 | 11.47
50 7.74 8.20 8.71 9.28 9.92 10.64 | 11.47
51 7.69 8.16 8.67 9.25 9.90 10.63 | 11.45
52 7.64 8.11 8.64 9.22 9.87 10.60 | 11.43
53 7.59 8.07 8.60 9.19 9.84 10.58 | 11.41
54 7.53 8.02 8.56 9.15 9.81 10.55 | 11.38
55 7.48 7.97 8.52 9.12 9.78 10.52 | 11.35
56 7.42 7.92 8.47 9.08 9.75 10.49 | 1131
57 7.36 7.87 8.43 9.05 9.72 10.46 | 11.28
58 7.30 7.82 8.39 9.01 9.69 10.43 | 11.24
59 7.24 7.77 8.35 8.98 9.66 10.40 | 11.21
60 7.18 7.72 8.31 8.95 9.63 10.37 | 11.17
61 7.11 7.67 8.27 8.92 9.61 10.34 | 11.13
61.878 | 7.06 7.63 8.24 8.89 9.58 10.32 | 11.10
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Table 2: FMI centiles=497

Age Cc2 C9 C25 C50 C75 C85 Cal C95 C98

21.46 1.73 2.34 3.12 4.08 5.26 6.02 6.69 7.46 8.42

22 1.78 2.40 3.19 4.17 5.36 6.13 6.81 7.59 8.55

23 1.87 2.51 3.32 4.32 5.55 6.34 7.03 7.82 8.80

24 1.95 2.62 3.45 4.48 5.73 6.53 7.23 8.03 9.03

25 2.04 2.72 3.57 4.62 5.89 6.70 7.41 8.23 9.24

26 2.12 2.82 3.68 4.74 6.03 6.85 7.57 8.39 9.41

27 2.19 291 3.79 4.86 6.16 6.99 7.72 8.54 9.56

28 2.27 2.99 3.89 4.97 6.28 7.12 7.84 8.67 9.69

29 2.34 3.08 3.98 5.08 6.40 7.23 7.96 8.79 9.81

30 2.42 3.16 4.08 5.18 6.50 7.34 8.08 8.90 9.92

31 2.49 3.25 4.17 5.28 6.61 7.45 8.18 9.01 10.03

32 2.56 3.33 4.25 5.37 6.70 7.54 8.27 9.10 10.12

33 2.63 3.40 4.33 5.45 6.78 7.62 8.35 9.18 10.20

34 2.69 3.47 4.40 5.53 6.86 7.70 8.43 9.25 10.27

35 2.75 3.53 4.47 5.60 6.93 7.78 8.51 9.33 10.35

36 2.81 3.59 4.54 5.67 7.02 7.86 8.60 9.42 10.44

37 2.86 3.66 4.61 5.75 7.11 7.96 8.70 9.53 10.56

38 2.92 3.72 4.69 5.84 7.21 8.07 8.82 9.67 10.71

39 2.98 3.79 4.77 5.94 7.33 8.21 8.97 9.83 10.89

40 3.03 3.86 4.85 6.05 7.47 8.36 9.14 10.02 | 11.11

41 3.09 3.93 4.94 6.16 7.61 8.53 9.33 10.23 | 11.34

42 3.14 4.00 5.03 6.27 7.76 8.70 9.52 10.44 | 11.59

43 3.19 4.05 5.11 6.37 7.89 8.85 9.69 10.65 | 11.83

44 3.23 411 5.18 6.47 8.02 9.01 9.87 10.85 | 12.06

45 3.26 4.15 524 6.55 8.14 9.15 10.04 | 11.04 | 12.30

46 3.29 4.19 5.29 6.63 8.25 9.28 10.20 | 11.23 | 12.52

a7 3.31 4.21 5.33 6.69 8.34 9.40 10.33 | 11.40 | 12.73

48 3.32 4.23 5.35 6.73 8.41 9.50 10.45 | 1155 | 12.92

49 3.32 4.23 5.37 6.76 8.47 9.58 10.56 | 11.68 | 13.09

50 3.32 4.23 5.37 6.78 8.52 9.65 10.65 | 11.80 | 13.25

51 3.31 4.22 5.37 6.79 8.55 9.70 10.73 | 11.91 | 13.40

52 3.29 4.21 5.36 6.80 8.58 9.76 10.80 | 12.01 | 13.55

53 3.28 4.20 5.35 6.80 8.61 9.81 10.88 | 12.12 | 13.70

54 3.26 4.18 5.34 6.80 8.65 9.86 10.96 | 12.23 | 13.85

55 3.25 4.17 5.33 6.81 8.69 9.93 11.05 | 12.35 | 14.02

56 3.23 4.16 5.33 6.83 8.73 10.00 | 11.15 | 1249 | 14.21

57 3.22 4.15 5.33 6.85 8.79 10.08 | 11.26 | 12.63 | 14.41

58 3.21 414 5.33 6.87 8.84 10.17 | 11.37 | 12.78 | 14.61

59 3.19 4.13 5.34 6.89 8.90 10.26 | 1149 | 12.94 | 14.82

60 3.18 412 5.34 6.92 8.96 10.35 | 11.61 | 13.10 | 15.03

61 3.16 411 5.34 6.94 9.03 10.44 | 11.73 | 13.26 | 15.25

61.88 3.15 4.10 5.35 6.97 9.08 10.52 | 11.84 | 13.41 | 15.45
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Table 3: WHIR centiles=496

Age Cc2 C9 C25 C50 C75 Cal C98

21.465| 0.39 0.41 0.43 0.45 0.48 0.52 0.57

22 0.39 0.41 0.43 0.45 0.48 0.52 0.57

23 0.40 0.41 0.43 0.46 0.49 0.52 0.57

24 0.40 0.42 0.44 0.46 0.49 0.53 0.57

25 0.40 0.42 0.44 0.47 0.49 0.53 0.58

26 0.40 0.42 0.44 0.47 0.50 0.53 0.58

27 0.41 0.42 0.45 0.47 0.50 0.54 0.58

28 0.41 0.43 0.45 0.48 0.51 0.54 0.59

29 0.41 0.43 0.45 0.48 0.51 0.54 0.59

30 0.41 0.43 0.46 0.48 0.51 0.55 0.59

31 0.42 0.44 0.46 0.49 0.52 0.55 0.60

32 0.42 0.44 0.46 0.49 0.52 0.55 0.60

33 0.42 0.44 0.46 0.49 0.52 0.56 0.60

34 0.42 0.44 0.47 0.49 0.52 0.56 0.60

35 0.42 0.45 0.47 0.50 0.53 0.56 0.61

36 0.43 0.45 0.47 0.50 0.53 0.57 0.61

37 0.43 0.45 0.47 0.50 0.53 0.57 0.61

38 0.43 0.45 0.48 0.50 0.54 0.57 0.62

39 0.43 0.45 0.48 0.51 0.54 0.58 0.62

40 0.43 0.46 0.48 0.51 0.54 0.58 0.62

41 0.44 0.46 0.48 0.51 0.55 0.59 0.63

42 0.44 0.46 0.49 0.52 0.55 0.59 0.63

43 0.44 0.46 0.49 0.52 0.55 0.59 0.64

44 0.44 0.47 0.49 0.52 0.56 0.60 0.64

45 0.44 0.47 0.50 0.53 0.56 0.60 0.65

46 0.44 0.47 0.50 0.53 0.57 0.61 0.65

a7 0.44 0.47 0.50 0.53 0.57 0.61 0.66

48 0.44 0.47 0.50 0.53 0.57 0.61 0.66

49 0.44 0.47 0.50 0.54 0.57 0.62 0.67

50 0.44 0.47 0.50 0.54 0.58 0.62 0.67

51 0.44 0.47 0.50 0.54 0.58 0.62 0.67

52 0.44 0.47 0.51 0.54 0.58 0.63 0.68

53 0.44 0.47 0.51 0.54 0.58 0.63 0.68

54 0.44 0.47 0.51 0.54 0.58 0.63 0.69

55 0.44 0.47 0.51 0.54 0.59 0.63 0.69

56 0.44 0.47 0.51 0.55 0.59 0.64 0.69

57 0.44 0.47 0.51 0.55 0.59 0.64 0.70

58 0.44 0.47 0.51 0.55 0.59 0.64 0.70

59 0.44 0.47 0.51 0.55 0.59 0.65 0.70

60 0.44 0.47 0.51 0.55 0.60 0.65 0.71

61 0.44 0.47 0.51 0.55 0.60 0.65 0.71

61.878 | 0.44 0.47 0.51 0.55 0.60 0.65 0.72
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Table 4: BF% centiles497

Age Cc2 C9 C25 C50 C75 C85 Cal C95 C98

21.465| 7.85 10.64 | 13.61 | 16.73 | 19.98 | 21.84 | 23.36 | 24.97 | 26.84

22 8.02 10.83 | 13.82 | 16.95 | 20.23 | 22.09 | 23.62 | 25.24 | 27.12

23 8.33 11.18 | 14.20 | 17.37 | 20.67 | 22.56 | 24.10 | 25.73 | 27.63

24 8.65 1153 | 1457 | 17.77 | 21.10 | 23.00 | 24.55 | 26.20 | 28.11

25 8.95 11.86 | 14.93 | 18.15 | 21.50 | 23.41 | 24.96 | 26.62 | 28.54

26 9.25 12.18 | 15.27 | 18,50 | 21.86 | 23.78 | 25.34 | 27.00 | 28.92

27 9.54 12.48 | 15.59 | 18.83 | 22.19 | 24.11 | 25.67 | 27.34 | 29.26

28 9.82 12.78 | 15.88 | 19.13 | 22.49 | 24.41 | 2597 | 27.63 | 29.55

29 10.10 | 13.06 | 16.17 | 19.41 | 22.77 | 24.68 | 26.24 | 27.90 | 29.81

30 10.38 | 13.34 | 16.45 | 19.68 | 23.04 | 2494 | 26.49 | 28.14 | 30.05

31 10.66 | 13.62 | 16.72 | 19.94 | 23.28 | 25.18 | 26.72 | 28.36 | 30.26

32 10.93 | 13.88 | 16.96 | 20.17 | 23.49 | 25.38 | 26.92 | 28.55 | 30.43

33 11.20 | 1413 | 17.20 | 20.39 | 23.69 | 2556 | 27.09 | 28.71 | 30.58

34 11.45 | 1437 | 1742 | 20.59 | 23.87 | 25.74 | 27.26 | 28.87 | 30.73

35 11.69 | 1460 | 1765 | 20.80 | 24.07 | 2592 | 27.43 | 29.04 | 30.89

36 1193 | 1484 | 1787 | 21.02 | 2428 | 26.13 | 27.63 | 29.23 | 31.08

37 12.17 | 15.07 | 18.11 | 21.25 | 2451 | 26.35 | 27.86 | 29.45 | 31.30

38 1239 | 1531 | 1835 | 21.50 | 24.76 | 26.61 | 28.11 | 29.71 | 31.56

39 12.62 | 1554 | 18.60 | 21.76 | 25.04 | 26.89 | 28.41 | 30.01 | 31.87

40 12.84 | 15.78 | 18.85 | 22.04 | 2533 | 27.20 | 28.73 | 30.34 | 32.21

41 13.05 | 16.02 | 19.11 | 22.32 | 25.64 | 27.53 | 29.06 | 30.69 | 32.57

42 13.25 | 16.23 | 19.35 | 2259 | 2594 | 27.84 | 29.39 | 31.03 | 32.93

43 13.42 | 1643 | 19.57 | 2283 | 26.20 | 28.12 | 29.68 | 31.34 | 33.26

44 13.57 | 16.60 | 19.76 | 23.05 | 26.45 | 28.38 | 29.96 | 31.63 | 33.57

45 13.71 | 16.75 | 19.94 | 23.25 | 26.68 | 28.63 | 30.22 | 31.91 | 33.87

46 13.82 | 16.88 | 20.09 | 23.42 | 26.89 | 28.86 | 30.46 | 32.17 | 34.15

a7 1391 | 1698 | 20.21 | 23.57 | 27.06 | 29.05 | 30.67 | 32.40 | 34.39

48 13.98 | 17.06 | 20.30 | 23.68 | 27.20 | 29.20 | 30.84 | 32.59 | 34.61

49 14.03 | 17.11 | 20.36 | 23.76 | 27.30 | 29.33 | 30.98 | 32.74 | 34.78

50 14.06 | 17.14 | 2040 | 23.82 | 27.38 | 2942 | 31.09 | 32.86 | 34.92

51 14.07 | 17.16 | 20.42 | 23.85 | 27.44 | 29.49 | 31.17 | 32.96 | 35.04

52 14.08 | 17.16 | 2043 | 23.88 | 27.48 | 29.55 | 31.24 | 33.05 | 35.15

53 14.08 | 17.17 | 20.44 | 23.90 | 27.53 | 29.61 | 31.32 | 33.15 | 35.27

54 14.08 | 17.17 | 20.47 | 23.94 | 27.60 | 29.70 | 31.42 | 33.26 | 3541

55 14.09 | 17.19 | 20.50 | 24.00 | 27.69 | 29.81 | 31.55 | 33.41 | 35.58

56 1410 | 17.22 | 20.55 | 24.08 | 27.80 | 29.94 | 31.70 | 33.58 | 35.78

57 1411 | 17.25 | 20.61 | 24.17 | 27.93 | 30.09 | 31.87 | 33.78 | 36.00

58 1413 | 17.29 | 20.68 | 24.27 | 28.07 | 30.26 | 32.07 | 34.00 | 36.25

59 1415 | 1733 | 20.75 | 24.38 | 28.22 | 30.44 | 32.26 | 34.22 | 36.50

60 14.17 | 17.38 | 20.82 | 2450 | 28.38 | 30.62 | 3247 | 34.45 | 36.76

61 14.18 | 17.42 | 20.90 | 24.61 | 28.54 | 30.81 | 32.68 | 34.68 | 37.02

61.878 | 14.20 | 17.47 | 20.97 | 24.72 | 28.69 | 30.98 | 32.87 | 34.89 | 37.26
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Table 5: ASMM (kg) centiles493

Age c2 C9 C25 C50 C75 Ca1 C98
21.465| 2593 | 27.29 | 28.87 | 30.70 | 32.89 | 35.53 | 38.83
22 2590 | 27.28 | 28.86 | 30.71 | 32.91 | 35.57 | 38.87
23 2584 | 27.24 | 28.85 | 30.73 | 32.95 | 35.63 | 38.92
24 2577 | 27.20 | 28.84 | 30.74 | 32.98 | 35.67 | 38.97
25 2569 | 27.15 | 28.81 | 30.74 | 33.00 | 35.71 | 39.00
26 2561 | 27.08 | 28.77 | 30.73 | 33.01 | 35.73 | 39.01
27 2551 | 27.01 | 28.73 | 30.70 | 33.01 | 35.73 | 39.01
28 2541 | 26.93 | 28.67 | 30.67 | 32.99 | 35.73 | 39.00
29 2531 | 26.86 | 28.62 | 30.64 | 32.98 | 35.72 | 38.98
30 2521 | 26.78 | 28.57 | 30.60 | 32.96 | 35.70 | 38.95
31 2511 | 26.70 | 28.51 | 30.56 | 32.93 | 35.67 | 38.91
32 25.00 | 26.61 | 28.43 | 30.49 | 32.87 | 35.62 | 38.84
33 2487 | 26.49 | 28.32 | 3040 | 32.77 | 3552 | 38.72
34 2473 | 26.36 | 28.19 | 30.27 | 32.65 | 35.38 | 38.56
35 2458 | 26.21 | 28.05 | 30.13 | 32.50 | 35.23 | 38.39
36 2444 | 26.07 | 27.92 | 30.00 | 32.37 | 35.08 | 38.22
37 2432 | 25.96 | 27.80 | 29.88 | 32.25 | 34.96 | 38.09
38 2424 | 25.88 | 27.72 | 29.80 | 32.16 | 34.87 | 38.00
39 2420 | 25.83 | 27.68 | 29.76 | 32.12 | 34.84 | 37.97
40 2419 | 25.82 | 27.67 | 29.75 | 32.12 | 34.85 | 38.00
41 2420 | 25.84 | 27.68 | 29.77 | 32.15 | 34.89 | 38.08
42 2424 | 2587 | 27.71 | 29.80 | 32.19 | 34.96 | 38.18
43 2427 | 25.89 | 27.73 | 29.83 | 32.23 | 35.03 | 38.30
44 2429 | 2591 | 27.75 | 29.85 | 32.27 | 35.09 | 38.41
45 2431 | 2592 | 27.75 | 29.85 | 32.29 | 35.14 | 38.52
46 2432 | 2592 | 27.74 | 29.84 | 32.29 | 35.17 | 38.62
a7 2429 | 25.88 | 27.70 | 29.80 | 32.26 | 35.17 | 38.68
48 2423 | 2581 | 27.62 | 29.72 | 3219 | 35.13 | 38.71
49 24.14 | 25.70 | 2751 | 29.60 | 32.08 | 35.05 | 38.69
50 2402 | 2557 | 27.36 | 29.46 | 31.94 | 3494 | 38.64
51 23.87 | 2541 | 27.19 | 29.28 | 31.77 | 34.79 | 38.55
52 23.70 | 25.22 | 26.99 | 29.07 | 31.57 | 34.61 | 38.43
53 2351 | 25.02 | 26.78 | 28.85 | 31.35 | 34.41 | 38.28
54 2332 | 2482 | 26.56 | 28.63 | 31.13 | 34.21 | 38.13
55 2313 | 2461 | 26.35 | 28.41 | 30.91 | 34.01 | 37.97
56 2293 | 2441 | 26.14 | 28.19 | 30.69 | 33.81 | 37.81
57 2274 | 2420 | 2592 | 2798 | 30.48 | 33.60 | 37.65
58 2254 | 2400 | 25.71 | 27.76 | 30.26 | 33.40 | 37.48
59 2234 | 23.79 | 2550 | 27.54 | 30.05 | 33.20 | 37.31
60 2214 | 2359 | 2529 | 27.33 | 29.83 | 3299 | 37.14
61 2195 | 23.38 | 25.07 | 27.11 | 29.62 | 32.79 | 36.97
61.878 | 21.77 | 23.20 | 24.89 | 26.92 | 2943 | 32.61 | 36.82
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Appendix 5.1. EPIC Norfolk FFQ

This questionnaire asks for some
background information about you,
especially about what you eat.

Please answer every question. If you
are uncertain about how to answer a

question then do the best you can, but
please do not leave a question blank.
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YOUR DIET LAST YEAR

For each food there is an amount shown, either a “medium serving” or a common household unit
such as a slice or teaspoon. Please put a tick (+) in the box to indicate how often, on average, you
have eaten the specified amount of each food during the past year.

Ee=O< A I — ==

For white bread the amount is one slice, so if you ate 4 or 5 slices a day, you should put a tick in

the column headed “4-5 per day”.

FOODS AND AMOUNTS

AVERAGE USE LAST YEAR

Forchips, the amountis a “medium serving”, so ifyou
put a tick in the column headed “2-4 per week™.

BREAD AND SAVOURY BISCUITS Never or 1-3 Once 2-4 5-6 | Once 2-3 4-5 6+
(one slice or biscuit) less than per a per per a per per per

once/month month  week | week l week _da d ay day da
White bread and rolls v

hada helping of chips twice a week you should

FOODS AND AMOUNTS

AVERAGE USE LAST YEAR

For very seasonal fruits such as

POTATOES, RICE AND PASTA Never or 1-3 Once 2-4 5-6 Once [ 2-3 4-5 6+
(medium serving) less than per a | per per a | per per per

once/month month  week week week day day day day
Chips R |

strawberries and raspberries you should estimate your average
use when the fruits are in season,; so if you ate strawberries or raspberries about once a week when
they were in season you should put a tick in the column headed “once a week”

FOODS AND AMOUNTS

AVERAGE USE LAST YEAR

FRUIT Never or 1-3 Once 2-4 | 5-6 Once 2-3 4-5 6+
(1 fruit or medium serving) less than per | per er a per per per

once/month month week week \ week day day day day
Strawberries, raspberries, kiwi fruit v

Please estimate your average food use as best you can, and please answer every question -
do not leave ANY lines blank. PLEASE PUT A TICK (+v) ON EVERY LINE

FOODS AND AMOUNTS

AVERAGE USE LAST YEAR

MEAT AND FISH
(medium serving)

Never or
less than
once/month

1-3
per
month | week

Once
a

2-4
per
week

5-6
per
week

Once
a

day

4-5
per
day

| 6+
| _day

Beef: roast, steak, mince, stew or casserole
Beefburgers

Pork: roast, chops, stew or slices

Lamb: roast, chops or stew

Chicken or other poultry eg. turkey

Bacon

Ham

Corned beef, Spam,
Sausages

Savoury pies, eg. meat pie, pork pie,
pasties, steak & kidney pie, sausage rolls

Liver, liver paté, liver sausage
Fried fish in batter, as in fish and chips ‘
Fish fingers, fish cakes

Other white fish, fresh or frozen, eg. cod,
haddock, plaice, sole, halibut

Oily fish, fresh or canned, eg. mackerel,
kippers, tuna, salmon, sardines, herring

Shellfish, eg. crab, prawns, mussels
Fish roe, taramasalata

luncheon meats

Never or
less than
once/month

| 1-3 Once
a

week

per
‘ month

24 |
per |
week

5-6 Once |

per a
week l day

2-3

Please check that you have a tick (v) on EVERY n
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PLEASE PUT A TICK (v) ON EVERY LINE

FOODS AND AMOUNTS

AVERAGE USE LAST YEAR

BREAD AND SAVOURY BISCUITS Never or 1-3 Once | 2-4 | 5-6 | Once | 2-3 4-5 6+

(one slice or biscuit) less than per a per | per a per per per
once/month month | week week | week | day day day day

White bread and rolls [

Brown bread and rolls \'

Wholemeal bread and rolls

Cream crackers, cheese biscuits ‘

Crispbread, eg. Ryvita | |

CEREALS (one bowl)

Porridge, Readybrek | ‘

Breakfast cereal such as |

cornflakes, muesli etc.

POTATOES, RICE AND PASTA (medium serving)

Boiled, mashed, instant or jacket potatoes

Chips

Roast potatoes

Potato salad

White rice |

Brown rice |

White or green pasta, eg. spaghetti,

macaroni, noodles

Wholemeal pasta [

Lasagne, moussaka

Pizza
Never or 1-3 Once | 2-4 ‘ 5-6 Once | 2-3 4-5 6+
less than per a per per a per per per
once/month month | week | week | week | day day day day

Please check that you have a tick (v) on EVERY
a
PLEASE PUT A TICK (v) ON EVERY LINE

FOODS AND AMOUNTS AVERAGE USE LAST YEAR

DAIRY PRODUCTS AND FATS Never or 1-3 Once ; 2-4 | 5-6 Once 2-3 -5 | 6+
less than per a | per | per a per per | per
once/month month | week ‘ week | week ‘ day day day | _day

Single or sour cream (tablespoon) | |

Double or clotted cream (tablespoon) |

Low fat yogurt, fromage frais (125g carton) |

Full fat or Greek yogurt (125g carton)

Dairy desserts (125g carton) | |

Cheese, eg. Cheddar, Brie, Edam |

(medium serving) |

Cottage cheese, low fat soft cheese

(medium serving)

Eggs as boiled, fried, scrambled, etc. (one) ‘

Quiche (medium serving) \

Low calorie, low fat salad cream(tablespoon)

Salad cream, mayonnaise (tablespoon)

French dressing (tablespoon) |

Other salad dressing (tablespoon) \'

The following on bread or vegetables

Butter (teaspoon)

Block margarine, eg. Stork, Krona | |

(teaspoon)

Polyunsaturated margarine (tub), eg. Flora,

sunflower (teaspoon)

Other soft margarine,dairy spreads (tub),

eg. Blue Band, Clover (teaspoon)

Low fat spread (tub), eg. Outline, Gold

(teaspoon)

Very low fat spread (tub) (teaspoon) |
Never or 1-3 Once | 2-4 5-6 Once | 2- 4-5 6+
less than per a | per per a per per per
once/month month | week | week week day day day day
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PLEASE PUT A TICK (v) ON EVERY LINE

FOODS AND AMOUNTS AVERAGE USE LAST YEAR

SWEETS AND SNACKS Never or 1-3 Once | 2-4 5-6 Once | 2-3 4-5 6+
(medium serving) less than per a pe r a per per per
once/month month | week week week day day day | day

Sweet biscuits, chocolate , eg. digestive (one)

Sweet biscuits, plain, eg. Nice, ginger (one)

Cakes eg. fruit, sponge, home baked

Cakes eg. fruit, sponge, ready made

Buns, pastries eg. scones, flapjaéks, home baked

Buns, pastries eg. croissants, doughnuts, ready made | [

Fruit pies, tarts, crumbles, home baked | |

Fruit pies, tarts, crumbles, ready made | | | | | | |

Sponge puddings, home baked

Sponge puddings, ready made

Milk puddings, eg. rice, custard, trifle ‘

Ice cream, choc ices \ |

Chocolates, single or squares ) |
1

Chocolate snack bars eg. Mars, Crunchie
Sweets, toffees, mints |
Sugar added to tea, coffee, cereal (teaspoon) | | | ‘
Crisps or other packet snacks, eg. Wotsits | | | | | [ | }
Peanuts or other nuts

SOUPS, SAUCES, AND SPREADS

Vegetable soups (bowl)

Meat soups (bowl)

Sauces, eg. white sauce, cheese sauce,
gravy (tablespoon) |

Tomato ketchup (tablespoon)
Pickles, chutney (tablespoon)
Marmite, Bovril (teaspoon)

Jam, marmalade, honey (teaspoon)
Peanut butter (teaspoon)

Never or 1-3 Once | 2-4 5-6 Once | 2-3 4-5 6+
less than per a per per a r | per
once/month month | week week week day day day | day

Please check that you have a tick (v) on EVERY Ilin

PLEASE PUT A TICK () ON EVERY LINE

FOODS AND AMOUNTS | AVERAGE USE LAST YEAR

DRINKS Never or 1-3 Once | 2-4 5-8 Once | 2-3 4-5 6+
less than per |a per per a per per per
once/month | month | week | week | week | day day day day

Tea (cup)
Coffee, instant or ground (cup) |
Coffee, decaffeinated (cup) | | |

Coffee whitener, eg. Coffee-mate
(teaspoon)

Cocoa, hot chocolate (cup)

Horlicks, Ovaltine (cup)

Wine (glass)

Beer, lager or cider (half pint)

Port, sherry, vermouth, liqueurs (glass)

Spirits, eg. gin, brandy, whisky, vodka (single) !
Low calorie or diet fizzy soft drinks (glass)

Fizzy soft drinks, eg. Coca cola, lemonade

(glass)

Pure fruit juice (100%) eg. orange, | | |
apple juice (glass) |

Fruit squash or cordial (glass) | | | | ‘

FRUIT
For seasonal fruits marked *, please estimate your average use when the fruit is in season

Apples (1 fruit) | l ‘ 1 t |

Pears (1 fruit) | |
Oranges, satsumas, mandarins (1 fruit) | |
Grapefruit (half)

Bananas (1 fruit) | | | |
Grapes (medium serving) | |
Melon (1 slice)

* Peaches, plums, apricots (1 fruit)

* Strawberries, raspberries, kiwi fruit (medium serving)
Tinned fruit (medium serving)

Dried fruit, eg. raisins, prunes (medium serving)

a

2-3 4- 6+
per | per per
day day day

Never or 1-3 Once == Once
less than

once/month

Please check that you have a tick (+) on EVERY Ilin

7

per a
month | week

=] r a
week eak i day
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PLEASE PUT A TICK (v) ON EVERY LINE

FOODS AND AMOUNTS

AVERAGE USE LAST YEAR

VEGETABLES
Fresh, frozen or tinned

Never or

Once
less than a

| 242

5-6
per
week

Once | 2-3
er

P a
(medium serving) once/month week l week day

per

‘ 6+
| day

Carrots

Spinach

Broccoli, spring greens, kale

Brussels sprouts

Cabbage

Peas

Green beans, broad beans, runner beans
Marrow, courgettes

Cauliflower

Parsnips, turnips, swedes | |
Leeks | | [
Onions |

Garlic |

Mushrooms |

Sweet peppers

Beansprodts

Green salad, lettuce, cucumber, celery
Watercress

Tomatoes

Sweetcorn |
Beetroot | [ | |
Coleslaw | | | | | ]
Avocado |
Baked beans |
D;lé’ciile?l(ils. beans, peas

Tofu , soya meat, TVP, Vegeburger

t

Once | 5-6
per
week

Never or 1-3
less than

once/month

per
week

2-4 ‘

per a
month | week |

6+
per
day

Please check that you have a ck (+v) on

YOUR DIET LAST YEAR, continued

2.
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No\

Yes ‘ \

Are there any OTHER foods which
If yes, please list below

you ate more than once a week?

Number of times

Food
|

Usual serving size

I

il
\ L
\ | |
| | |
[ |
| |

What type of milk did you most often use?

Select one only Full cream, silver r B \
Skimmed/blue ‘4\ Channel Islands, gold |

Dried milk | | Soya |

Other, specify [ ] None |

How much milk did you drink each day, including milk with tea, coffee, cereals etc?
None l | Three quarters of a pint ‘
Quarter of a pint | | One pint |
Half a pinl[ ‘ More than one pint |

Did you usually eat breakfast cereal (excluding porridge and Ready Brek mentioned earlier)?
Yes | | No |

If yes, which brand and type of breakfast cereal, including muesli, did you usually eat?
List the one or two types most often used
Brand e.g. Kellogg's Type e.g. cornflakes
B = | .
[ [
What kind of fat did you most often use for frying. roasting, grilling etc?
Select one only Butter | | Solid vegetable fat |
Lard/dripping | |
Vegetable oil | |
oil, pl give type eg. corn, sunflower \

None |
If you used

What kind of fat did you most often use for baking cakes etc?
Select one only Butter ‘

Lard/dripping | |

Vegetable oil [ |
If you used margarine, please give name or type eg. Flora, Stork [

Solid vegetable fat |
Margarine ‘
None |

eaten each week

Margarine |

|
_\
|
]
|

Semi-skimmed, red/white | |

|
J
|




8. How often did you eat food that was fried at home?

Daily| 7] 1-3 times a week | | 4-6 times a week[
Less than once a week [

‘ Never ‘ \
9. How often did you eat fried food away from home?
Daily | | 1-3 times a week | \ 4-6 times a week [ |
Less than once a week l \ Neverl
10. What did you do with the visible fat on your meat?
Ate most of the fat [ \ Ate as little as possible | [
Ate some of the fat | | Did not eat meat | |
5 08 How often did you eat grilled or roast meat? | l J times a week
e How well cooked did you usually have gr pd or roast meat?
Well done /dark brown | | Lightly cooked/rare | |
Medium | | Did not eat meat —|
13. How often did you add salt to food while cooking? _
Always | | Rarely | |
Usually | ] Never |
Sometimes [
14. How often did you add salt to any food at the table?
Always I ] Rarely | ‘
Usually [ \ Never | i
Sometimes [ ‘
15. Did you regularly use a salt substitute (eg LoSalt)? Yes No | |
If yes, which brand? [
i Jhm 2 During the course of last year, on average, how many times a week did you eat the following
foods?
Food type Times/week Portion size
Vegetables (not including potatoes) \ l } medium serving
Salads

| medium serving
Fruit and fruit products (not including fruit juice) | . | medium serving or 1 fruit
Fish and fish products | ] ], medium serving

Meat, meat products and meat dishes
(including bacon, ham and chicken) 1 I | medium serving

10

7= Have you taken any vitamins, minerals, fish oils, fibre or other food supplements during

the past year? Yes | J Nc| I Don’'t know[ J
If yes, please complete the table below. If you have taken more than 5 types of supplement
please put the most frequently consumed brands first.

Vitamin supplements

Average frequency
Tick one box per line to show how often

on average you consumed supplements
Name and brand Dose |
Please list full name, Please Never 1-3 | ce 2-4 5-6 Once 2-3 a-5 B+
brand and strength state or less por aweek | per per a day per por per
umber than month | week woak day day day
of pills, once a |
capsules or |
teaspoons |
|

Thank you for your help

& i |
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Appendix 5.2. FFFQ medium serving size PowerPoint slide aide memoire

Portion sizes (medium servings)
Meat: Cooked mince / Stew / Casserole: 2 serving spoons, Steak: About half the size of your hand,
Beefburgers: 1 quarter pounder, Cooked Pork / lamb / Chicken: About half the size of your hand,
Bacon / Ham: 2 slices, Sausages: 2 medium sized, Pies: 1 standard individual portion
Fish / shellfish: The size of half to a whole hand / 120g tin.

Porridge: About 1 and a half handfuls dried oats Other breakfast cereals: About 3 handfuls

*otato (baked): 1 about the size of your fist (mash); about 6 tablespoons (boiled): About 6 smal

ps: About 2 handfuls Roast potatoes: About 4 small potatoes Rice /

pasta / couscous/ noodles; About the amount that would fit into 2 hands cupped together

Cheese: About the size of two thumbs Nuts: About 1 handful
Cake: 1 individual cake or the equivalent sized slice

Small fruit: 7 cherry tomatoes, 2 satsumas, 2 kiwi fruit, 3 apricots, 6 lychees, 7 strawberries or 14
cherries, 4 tablespoons of blueberries, 1 tablespoon of raisins / currants / sultanas
Veg: Leaves: 1 cereal bowl, broccoli: 2 spears, Peas: 3 tablespoons, Green beans: 4 tablespoons,
Baked beans: 3 tablespoons, sweetcorn: 3 tablespoons, Lentils: 3 tablespoons, brussels sprouts: 8,
Cooked kale: 4 tablespoons, Beetroot: 7 slices, onion: 1, Beansprouts: 2 handfuls,
Cooked turnip: 3 tablespoons, avocado: half, Chopped mushrooms: 3 tablespoons, EE
Cucumber: 2 inch slice, celery: 3 sticks, Leek: 1, Pepper: half, cauliflower: 8 florets : 3 ‘

Appendix 5.3. Firefighter Food Frequency Questionnairé-Hep)
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Firefighter Food Frequency Questionnaire (FF-FFQ)

Please estimate your average food use as best you can, and please answer every

questiond

do not leave ANY lines blank. PLEASE PUT ONE TICK ON EVERY LINE

FOODS AND AMOUNTS AVERAGE USE OVER THE LAST 3 MONTHS

MEAT AND FISH Neveror |13 |Once/ 24 |56 |Oncel 23 |45 |6+

(medium serving) lessthan | per |a per |per |a per | per | per
once/montl mnth | week week| week| day | day| day | day

Beef: roast, steak, mince,
stew/casserole

Beef burgers

Pork: roast, chops stew

Lamb: roast, chops or stew

Chicken or other poultry e.g. turkey

Bacon

Ham

Sausages

Savoury pies, e.g. Meat pie, pork pie
pasties, steak & kidney pie, sausage
rolls

Fried fish irbatter, as in fish and chip

Other white fish, fresh or frozen, e.g
Tuna, cod, haddock, plaice, sole,
halibut

Oily fish, fresh or canned, eg. Salmo
mackerel, sardines, kippers, herring

Shellfish, e.g. Crab, prawngjssels

BREAD AND SAVOURY BISCUITS
(One slice or biscuit)

White bread and rolls

Wholemeal bread and rolls

Cream crackers, cheese biscuits

CEREALS (one bowl)

Porridge, Readybrek

Breakfast cereal such as
cornflakes, muesli etc.
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Never or | 1-3 Once| 24 |56 |Once| 23 |45 |6+
lessthan | per |a per |per |a Per | per | per
once/montl mnth | week| week| week| day | day| day | day

PLEASE PUT ONE TICK ON EVERY LINE

FOODS AND AMOUNTS AVERAGE USE OVER THE LAST 3 MONTHS

POTATOES, RICE AND PASTA Never or | 1-3 Once| 24 56 Once| 23 | 45 | 6+
(medium serving) less than | per |a per |per |a per | per | per
once/montl mnth | week| week| week| day | day| day | day

Boiled, mashed, instant or jacket
potatoes
Chips

Roast potatoes
White rice

Brown rice

White or green pasta, e.g. Spaghetti
macaroni, noodles
Wholemeal pasta

Lasagne, moussaka

Pizza
DAIRY PRODUCTS AND FATS

Single or sour cream

Low fat yogurt, fromage frais (1259
carton)
Full fat or Greek yogurt (125g carton

Dairy desserts (125g carton)

Cheese.g. Cheddar, Brie, Edam
(medium serving)

Eggs as boiled, fried, scrambled, etc
(one)

Low cal, low fat salad cream
(tablespoon)

Salad cream, mayonnaise (tablespo

Other salad dressing (tablespoon)

Thefollowing on bread or vegetables
(teaspoon)
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Butter, salted/unsalted

Polyunsaturated margarine, e.g. Flo
Vitalite sunflower spread

Soft margarine, including olive oll
based & dairy spreads, e.g. Utterly
Butterly, Bertolli

Never or | 1-3 Once| 24 |56 |Once| 23 |45 |6+
lessthan | per |a per |per |a Per | per | per
once/montl mnth | week week| week| day | day| day | day

Please check that you have one tick on EVERY line

PLEASE PUT ONE TICK ON EVERY LINE

FOODS AND AMOUNTS AVERAGE USE OVER THE LAST 3 MONTHS
SWEETS AND SNACKS Neveror |1-3 Once| 24 |56 |Once| 23 |45 |6+
(medium serving) lessthan |per |a per |per |a per | per | per
once/montl mnth | week week| week| day | day| day | day

Biscuits (chocolate) e.g. Digestive (C

Biscuits (plain) e.g. Nice, ginger (on¢

Cakes e.g. Fruit, sponge (home bak

Cakes e.g. Fruit, sponge (ready mac

Buns, pastries e.@roissants,
doughnuts

Ice cream, choc ices

Chocolates, single or squares

Chocolate snack bars e.g. Mars,
Crunchie

Sweets, toffees, mints

Sugar added to tea, coffee (teaspoo

Sugar added tcereal (teaspoon)

Crisps, e.g. Wotsits (medium packet

Peanuts or other nuts

SOUPS, SAUCES AND SPREADS

Vegetable soups (bowl)

Sauces, e.g. White sauce, cheese
sauce, gravy (tablespoon)

Tomato ketchup (tablespoon)
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Pickles, chutney (tablespoon)

Marmite, Bovril (teaspoon)

Jam, marmalade, honey (teaspoon)

Peanut buttefteaspoon)

DRINKS

Tea (cup)

Coffee, instant or ground (cup)

Wine (glass)

Beer, lager or cider (half pint)

Spirits, e.g. Gin, whiskey, vodka
(single)

Low calorie or diet fizzy soft drinks
(glass)

Fizzy soft drinks, e.g. Cola, lemonad
(glass)

Pure fruit juice (100%) e.g. orange,
apple juice (glass)

Fruit squash or cordial (glass)

Neveror |[1-3 |Once 24 |56 |Oncel 23 45 |6+
less than | per |a per |per |a Per | per | per
once/montl mnth | week| week| week| day | day| day | day
PLEASE PUT ONE TICK ON EVERY LINE
FOODS AND AMOUNTS AVERAGE USE OVER THE LAST 3 MONTHS
FRUIT AND VEGETABLES Neveror |13 |Once 24 |56 |Once 23 |45 |6+
Fresh, frozen or tinned less than |per |a per |per |a per | per | per
(medium serving) once/montl mnth | week| week| week| day | day | day | day

Apples (1 fruit)

Pears (1 fruit)

Oranges, satsumasiandarins (1 fruit

Bananas (1 fruit)

Grapes (medium serving)

Melon (1 slice)

Peaches, plums, apricots (1 fruit)

Strawberries, raspberries, Kiwi fruit

Dried fruit, e.g. raisins, prunes

Carrots

Spinach

Broccoli, spring greens, kale
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