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Abstract

Background and Aims:ntake of red and processed meat has been assbwiitiea higher
risk of morbidity and mortality; it is unknown whnetr these associations are modified by
overall physical health. This study examined treoamtions of red and processed meat
consumption with all-cause, cardiovascular, angdeamortality and investigated whether

markers of physical function modified the assooiagi

Methods and ResultsThis observational cohort study used UK Biobanladbdrived from
419 075 participants free from cancer and cardioyas disease. Cox models assessed the
association of red and processed meat consumutiidaifed from a baseline food frequency
guestionnaire) with mortality, adjusted for potahtionfounders. Objectively measured
handgrip strength and self-reported walking paceeweed as interaction terms. The median
age was 57 (interquartile range, 49-63) years dr@bwere women. Over 7 years of
follow—up, 8586 all-cause, 1660 cardiovascular, 481tR cancer deaths occurred. Each
additional serving per week of red and processeat mas associated with a hazard ratio
(HR) of 1.037 (95% CI: 1.028-1.047) for all-cau$€£)30 (1.009-1.051) for cardiovascular;
and 1.029 (1.016-1.042) for cancer mortality. Tegoaiation of red and processed meat
consumption was modified by walking pace, with bmglkers having the lowest risk per
additional serving for all-cause and cancer maytéiR 1.025; 1.006-1.045 and 1.015;

0.990-1.040, respectivelyno interaction was observed for handgrip strength

Conclusion: The known risk of mortality associated with red gmdcessed meat

consumption may be lower in those with high phylseaction.

Keywords:Walking pace; Handgrip strength; Processed meat;iReat; Mortality
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Introduction

Red and processed meat are recognised carcinogeémsslafactors for cardiovascular
disease. In 2015 the International Agency for Resean Cancer (the cancer agency of the
World Health Organization) classified processedtasa Class 1 carcinogen and red meat
as a Class 2A carcinogen to hum&hsThe latest report of the World Cancer ResearcitdFu
International/American Institute for Cancer Reskdf@eptember 2017) highlights that there
is strong evidence to support that red and prodessat consumption increase the risk of
bowel and stomach cancérsThe American Heart Association and American Qellef
Cardiology, along with the European Society of @aad)y, also recognise processed and red
meat as risk factors for cardiovascular diseasemenending that processed meat is avoided
and the intake of red meat should be limit8dEvidence for a dose—response association
between processed/red meat intake and risk of fmg&ad morbidity including cancer and
stroke has been further established in recentesiiatid meta—analys&Y. However, red and
processed meat consumption remains high acroggdbe, particularly in developed

countriest®.

Despite consistent evidence for associations betwescessed/red meat intake and health
outcomes, important questions remain. For exanitfgkeunclear whether association are
consistent across levels of overall health stalaskers of physical function and fitness are
established markers of cardiometabolic health staha are considered a cardiovascular vital
sign*®. Those with good functional and fitness statusetgreater physiological flexibility in
responding to other physiological stressors, ssabb&sity, whereas those with low
functional and fitness status have reduced fleijtéind reservé®?!. For example, subjects
with low levels of physical function or who undeéwalow levels of physical activity display

particularly strong associations of sedentary tialephol intake, smoking, type 2 diabetes
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and body mass index (BMI) with both disease bioraerland mortality, whereas
associations are partially or fully attenuatedhiose with high levels of fithess or physical
activity 2% These observations suggest that low levels ofipaly&inction may help
identify individuals who are particularly susceiilbo the harmful associations of some
lifestyle behaviours. However, the importance afdiional status as a potential modifier of
the association between meat consumption and ntpatcomes has not been well

researched.

The aim of this study was to examine and quantiédssociations of self-reported red and
processed meat consumption with all-cause, carsiooNar, and cancer mortality in a
contemporary population using data from the UK Bigbcohort and to evaluate whether
markers of physical fitness and function (walkirag@ and handgrip strength) modify these
associations. We hypothesise that the associatimdand processed meat consumption

with mortality outcomes will be attenuated in peoplith high physical function.
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Methods

UK Biobank

This analysis used data from 502 621 participatisinvUK Biobank. The UK Biobank
study is an ongoing large prospective cohort stadize UK. The study recruited volunteers
aged 40-69 years from 22 recruitment centres thrawtgEngland, Wales, and Scotland
between March 2006 and July 2010. UK Biobank hgsayal from the North West Multi—
centre Research Ethics Committee (MREC), which othee UK. In Scotland, UK Biobank
has approval from the Community Health Index Adws@roup (CHIAG). The methods and
aim of UK Biobank have been reported elsewl&rBaseline questionnaires, physical
measures, and biological samples were collected the recruited individuals. Data field
(DF) identification numbers are reported belowdach variable included in this analysis and
can be used to search for detailed information aby@asurement procedures within the UK

Biobank data showcagé

Main exposure

A touchscreen food frequency questionnaire (FF€ecting on the average frequency of
consumption of foods and food groups over the yeat, captured diet related data fields
using the Assessment Centre Environment systemFFReused in UK Biobank has been
shown to have reasonable reliability and validdyed and processed meat and for the other
dietary variables used in the models of this stifdy.

Red meat was assessed through three variabldg{i#e4369), lamb/mutton (DF-1379),

and pork (DF-1389) intake. Processed meat (DF-1848)defined through a single variable
assessing any intake of bacon, ham, sausagesprasakebabs, burgers, and nuggets. For

each variable, participants were asked about tregjuency of consumption through
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selecting one of the following: never, less thaneoa week, once a week, 2—4 times a week,
5-6 times a week, once or more daily. The frequeicgsponse in UK Biobank for each
category of red and processed meat consumptiotisgplayed in Table S1.

For this analysis, frequency categories were cdagddp a continuous measure of
consumption, as follows: a value of O was allogate“never”, 0.5 for “less than once a
week”, 1 for “once a week”, 3 for “2—4 times a weblb for “5-6 times a week” and 7 for
“once or more daily”. Servings for the three redateriables and the processed meat
variable were summed to create the frequency oéneldprocessed meat consumption with
values ranging from a minimum of O (participant sloet eat any red or processed meat in
one week) to a maximum of 28 (participant eatse28isgs in one week). We analytically
evaluated the appropriateness of combining redoamckssed meat in a single overall

frequency of consumption (see statistical analysdion).

Measures of physical function

Objectively assessed handgrip strength and selbrtiesppwalking pace were assessed at
baseline. Both left and right handgrip strengthB-4® and DF-47) were measured using a
hydraulic hand dynamometer (Jamar JO0105). Paatitgowere instructed to remain seated,
placing their forearms on armrests during the measeant. The elbow of the arm holding the
dynamometer was placed against the side of the aondyent to a 90° angle so that the
participant’s forearm was facing forward. Particifsawere instructed to squeeze the handle
of the dynamometer as hard as they could f#@nds. In this study, an estimated average
of the right and left hand was used. The UK Biobemichscreen questionnaire was used to
capture usual walking pace (DF-924). Participarasavasked to answer the following
guestion: “How would you describe your usual watkpace? (a) Slow, (b) Steady/average,

and (c) Brisk”. Within the sub-sample of UK Biobatfiat undertook a graded exercise test,
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responses for walking pace have been shown toghdyhassociated with cardiorespiratory
fitness;*® thus brisk walkers are likely to have high cardapiratory fitness and good

physical functionality.

Other variables

At baseline, data were also captured for otherrdiated fields, including weekly frequency
consumption of poultry (DF-1359), oily-fish (DF-182 non-oily fish (DF-1339), fresh fruit
(DF-1309), dried fruit (DF-1319), salad/raw vegé¢afDF-1299), cooked vegetable (DF-
1289), and salt added to food (DF-1478) and foe: @-21003; years); BMI (DF-21001;
kg/m?; theweight and height of UK Biobank participants webgeatively measured during
the initial Assessment Centre visit); ethnicity (REOO; white, non—white); Townsend
deprivation index (DF-189); sex (DF 31); smokingtss (DF-20116; current, previous,
never); alcohol use (DF-20117; current, previoesen); physical activity [number of
days/week walked 10+minutes (DF-864); number osflagek of moderate physical activity
10+minutes (DF-884); number of days/week of vigarphysical activity 10+minutes (DF-
904)]; time spent watching television (hours/daf-1D070); qualifications (DF-3138; college
or university degree, no college or university @egyr and employment (DF-6142; in paid
employment or self-employed, retired, unable tokwamacause of sickness or disability,
doing unpaid or voluntary work, looking after hoarad/or family, unemployed, full or part—

time student).

Outcomes
All-cause mortality was defined for all participaatsany death recorded between baseline
and censoring dates (31 January 2016 for Engladd\ales and 30 November 2015 for

Scotland)*® Date and cause of death were obtained from the Mf¢8mation Centre for
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participants, from England and Wales, and fromNRS Central Register, for participants
from Scotland. Survival time was defined as thesdéfiice between the date of death or
censoring and baseline visit at the UK Biobank sssent centres. Cause of death was
classified using DF-40001 and the Internationak€ifecation of Diseases (ICD) code
assigned to the underlying (primary) cause of deat defined cancer mortality using ICD—
10 CO0-C97 and cardiovascular disease (CVD) desatig WCD—-10 100—-179.

Study population

From the initial sample of 502 621 participants,exeluded people with prevalent cancer
[number of self-reported cancers (DF-134); n= 48] 00 prevalent cardiovascular disease
[defined as peripheral vascular disease, angirat hdack/myocardial infarction, heart
failure/pulmonary oedema, stroke, and transieftasemic attack (DF-20002); n=28 078].
From the remaining sample, subjects with infornratwailable for all covariates were
included: missing data were less than 2% for aluided covariates and 6.7% in total,

leaving 419 075 for the analysis conducted in 2FFigure S1).

Statistical analysis

Linearity in the association between the combirestland processed meat consumption
(exposure) and mortality outcomes was assessetligafly by plotting the HR estimated
within quartiles of baseline red and processed rinegtiency consumption relative to the
bottom quartile versus the mean frequency consamptlue in each quartile using floating
absolute riskd*. We further confirmed linearity by comparing witte likelihood ratio test
models including linear vs non-linear (i.e., cupjdines) exposure. As linearity was
confirmed for all outcomes, results are reportedifisrences in risk per one unit increase of

frequency of red and processed meat consumpt@anper 1 serving per week.
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Cox proportional hazards models were used to ilyadstthe associations of red and
processed meat consumption with cardiovasculageraand all-cause mortality. We
progressively adjusted estimations accounting éssle confounders: model 1 was
unadjusted; model 2 was adjusted for age, sexicgtyhnrownsend score, employment,
number of medications; model 3 additionally adjddta smoking status, alcohol use, diet
(fresh fruit, dried fruit, cooked and raw vegetatdmsumption; poultry, oily-fish, non-oily
fish and salt added to food), and education; mddatther adjusted for time spent on TV
viewing, physical activity (walking, moderate, avigorous), and BMI; finally, model 5
adjusted for measures of physical function [walkpage (model 5a) or handgrip strength

(model 5b)].

In order to confirm the appropriateness of addedyand processed meat together into a
single score, an analysis was carried out usingetnbtb investigate the association between
red meat only or processed meat only with mortationfirm similar HRs with overlapping

95% Cls between the two exposures (Table S2).

Interaction terms were fitted to models 5a for wadkpace and 5b for handgrip strength to
assess whether handgrip strength (as tertilesptking pace (brisk vs steady/average or
slow) modified the association of red and processedt consumption with cancer,
cardiovascular, and all-cause mortality. For wajkpace, slow and steady/average
categories were combined due to the small numipertiag a slow walking pace (n

=29,904). Interactions at the P <0.10 level werénhkr explored in stratified analysfs.

E—values were calculated, using model 4 and comgaop vs bottom quartiles of red and

processed meat consumption for the three morwlitpomes. E—value represents the
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minimum strength of association that an unmeascoatbunder needs to have with both the
exposure and outcome to fully explain away the @asion (i.e., null true effectf It is
therefore a measure of potential causality: thadnghe E-value, the less likely an

investigated associated is confounded by an unmedsactor (i.e., non—causal).

All analyses were conducted using Stata MP 14 4tgSTorporation, College Station, TX,
USA), with the exception of the calculation of Efues, performed with R, Version
0.99.491°" Statistical significance was set at P<0.05 andltgsre reported with robust 95%

confidence interval (CI).

Sensitivity analysis

In a landmark analysis, we exclude participants died during the first year of follow-up to

limit the potential of reverse causation.
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Results

Table S3 displays the baseline characteristicke#il9 075 included participants overall and
when stratified by quartile of red and processedtmensumption. The median (interquartile
range, IQR) age of was 57 (49-63) years and 229%889%) were women. There were
8586 (2.05%) all-cause, 1660 (0.40%) cardiovascalat 4812 (1.15%) cancer deaths
during a median (IQR) of 6.97 (6.29-7.63) yeartfelup and 2 906 217 person-years. The
median (IQR) for red and processed meat frequehcgrisumption was 3 (2-5) servings per

week.

Red and processed meat consumption was associtltea wgher risk of all-cause,
cardiovascular, and cancer mortality in models msgjvely adjusted for confounders
(Figure 1 and Table S4): in the unadjusted motelHR per weekly serving of red and
processed meat consumption was 1.087 (95% CI, 1L.@&%) for all-cause; 1.109 (1.090-
1.129) for cardiovascular; and 1.069 (1.057-1.G84ancer mortality. Upon inclusion of
possible confounders (model 4), the HR per weesttyisg of red and processed meat
consumption was 1.037 (1.028-1.047); 1.030 (1.0081); and 1.029 (1.016-1.042) for all-
cause, cardiovascular, and cancer mortality, résede.  Further inclusion of physical

function markers did not materially change themeates (Figure 1 and Table S4).

Linearity between the frequency of red meat and¢gssed meat consumption and HR for all-
cause, cardiovascular, and cancer mortality waBrooed using quartile data (Figure 2); in
the fully adjusted model HR comparing quartile 4eference (quartile 1) was 1.252 (1.172-
1.338) for all-cause, 1.238 (1.062-1.442) for cawdscular and 1.183 (1.082-1.293) for

cancer mortality. Furthermore, there was no evidefanodel differences comparing linear
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vs the cubic splines transformation of red meat@odessed meat consumption for all-cause
(P=0.864), cardiovascular (P=0.773) and canceratityr{P=0.493).

Interaction analyses revealed the association legtweeat consumption and all-cause
mortality was modified by walking pace (P=0.046)thwbrisk walkers having the weakest
association (HR 1.025, 1.006-1.045; Figure 3 arflelrd5) while slow-average pace
walkers had a stronger association (HR 1.040, £02%1). Similarly, the association
between red and processed meat consumption andraanctality was modified by walking
pace (P=0.062), with brisk walkers having no asgom (HR 1.015, 0.990-1.040) while HR
for slow-average pace was 1.034 (1.018-1.050). gtgmdtrength was not found to modify
associations for all-cause (P =0.201), cardiovasdd =0.420) and cancer mortality (P
=0.571).

The 95% lower CI of E-values for red and processedt frequency of consumption and all-
cause, cardiovascular, and cancer mortality wed211.1.301, and 1.383, respectively (Table

S6).

The results were consistent in the analysis exatugarticipants who died during the first
year of follow-up (445 people; 174 cardiovasculad 438 cancer deaths), including the

interactions of walking pace with all-cause (P=6)0dnd cancer mortality (P=0.062).
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Discussion

In this large cohort study, we showed that red @nodessed meat consumption is associated
with a higher risk of cardiovascular, cancer, altecause mortality. After adjusting for
multiple potential confounders (demographic chamastics, medical history, physical
activity, and dietary factors), each additionalva®y per week of red and processed meat was
associated with 3.3%, 2.4%, and 2.6% higher risklletause, cardiovascular, and cancer
death, respectively. Results for all-cause, caabBoular, and cancer mortality were
unaffected after further adjustment for measurgshgsical function. Walking pace was
found to modify associations such that for thosenaifast walking pace the association of
meat consumption with mortality outcomes was plyt{all-cause mortality) or fully (cancer
mortality) attenuated. This study therefore exsetind evidence around the deleterious
association of red and processed meat intake asoogtemporary population whilst
presenting the novel finding that walking pace riedithe association of red and processed
meat intake with cancer and all-cause mortalitygnghy the risk related to meat

consumption appeared to be lower in those repodibgsk walking pace.

We also observed no significant deviation fromdiriy in the association between the
frequency of red meat and processed meat consumptib all-cause, cardiovascular, and
cancer mortality. Findings from the present studg iarge cohort are consistent with
increasing epidemiological evidence showing that both red and processed meat are
associated with mortality*’. This study also supports recent meta-analysesisg@

graded dose-response association with the riskoofatity whereby the risk increases with
higher consumption of red and processed et The shape of association has important
public health implications. For example, the secglathal report by the World Cancer

Research Funtf sets as a public health goal to limit consumptibred meat (beef, pork,
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lamb, and goat) to less than 500 g (cooked wejgtveek for meat eaters, little if any of
which should to be processed (ham, bacon, salanijdys, and sausagé)Our study
suggests similar levels of risk between processdd@d meat consumption and supports the
need for more research to establish whether tsaaesafe upper limit of red or processed

meat consumption for the general population.

There are various possible mechanistic explanatiodgrlying the adverse associations of
red and processed meat consumption with mortasiky A number of compounds formed by
high-temperature cooking of red meat, such as deyelic amines and polycyclic aromatic
hydrocarbons, N-nitroso compounds, and endogenenisrdso compounds from inherent
heme iron are potential carcinogéné™. Open-flame cooking, the degree of doneness ds wel
as curing and smoking meat may also result ingh@adtion of these hazardous chemicals
which could further contribute to the associatieteen meat intake and cancer fiSkThe
generation of lipid and protein oxidation produets a result of the thermal effect during the
processing of red meat, could also initiate camgémic responses. Moreover, meat is a

major dietary source of saturated fat, which hanlgositively associated with numerous
cancers, including breastand colorectal cancé?. Processed meat contains high amounts of
sodium which may increase the risk of heart disé@sigh its effect on blood pressdfé®
Finally dietary compounds found in red and procgsseat may interact with gut microbiota

to create metabolites that have been associatbdaiierosclerosis and heart dise¥4se

Self-reported walking pace is an important indic&toctional status, cardiovascular health
and is associated with all-cause and cardiovasmuatality ***’. Data from UK Biobank
have also shown that self-reported walking pastrangly associated with objectively

assessed cardiorespiratory fith&sg herefore, this study suggests that those witdgo
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cardiorespiratory function and fithess may gain s@rotection against the deleterious
associations of red and processed meat intake cechpathose with average or poor fitness.
Specifically, those with good physical fithess &malction may have greater metabolic
flexibility in coping with the physiological stress initiated by red and processed meat

intake compared to those with low physical fithasd function.

This is consistent with other epidemiological anfeximental studies which have shown that

cardiorespiratory fitness or physical activity nragdify the detrimental association between

other risk factors (including sedentary time, BMbaalcohol) and mortalit§? %2 However,

it should be noted that the modifying effect of kila§ pace was not confirmed for handgrip

strength. Handgrip strength is a measure of overaficle strength whereas walking pace is

associated with cardiorespiratory fitné%&® Although handgrip strength has consistently
49-51

been associated with all-cause and cardiovascudaiafity “” -, it has been suggested to be a

less generalizable marker of mortality outcomes thalking pace, particularly for women

33

E-values gave an additional epidemiological striergt this study. In order to explain the
potential causality of the association, an unmessaonfounder would need to have an
additional hazard ratio of a minimum of 1.621 fticause, 1.301 for cardiovascular, and

1.383 for cancer mortality, respectively, over abdve the factors we have adjusted for.

Strengths of our study include the large sample ad a contemporary cohort. Assessing
the association between lifestyle exposures andatitgroutcomes in a contemporary
population is important as patterns of behaviout @auses of mortality change over tifie

This study is also novel in examining the influent¢@hysical health (e.g. walking pace) on
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the strength of association between red/processad imtake and mortality outcomes. This
study also has some important limitations. The olz®nal nature of the study limits our
ability to assess causality between red and predasgat consumption and mortality
outcomes and residual or unmeasured confoundinginsmpossible, including other
unmeasured dietary factors such as soft drinksweier, the estimated E-values were
relatively high, increasing confidence that repossociations are not confounded by
unmeasured factors. Diet was assessed using FE@fdre the measure of meat
consumption may have some degree of measurement@ad act to increase regression
dilution 3. Finally, UK Biobank is not representative of tyeneral population with regard to
a number of lifestyle, health and sociodemograpbiated characteristics and this may limit

the generalizability of the findings to other pagtidns*,

In summary, our results showed an associationcdbanel processed meat consumption with
the risk of cancer, cardiovascular, and all-causgatity in a contemporary population. Our
study adds a novel finding that the risk of all®aand cancer mortality with high red and
processed meat intake may be lower in those whittis& walking pace, a measure of good
cardiorespiratory fitness. Therefore, red and sed meat intake may be less harmful in
those with good cardiorespiratory fitness. Thesdifigs may help prioritise and tailor
dietary advice around meat intake to those at gseaisk (i.e. those with low fitness).
However, results need to be confirmed in furthedemiological and intervention research in
order to allow for more specific, personalised rogendations to be formed on the basis of

overall health status.
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Figure Legends

Figure 1: Association of red and processed meat intakei(sggs\per week) with all-cause,

cancer, and cardiovascular mortality

Model adjustment

€ Model 1: Unadjusted

m Model 2: Age, gender, ethnicity, Townsend scemeployment, number of medications
A Model 3: Model 2+ education, smoking status, abtalse, diet (fresh fruit, dried fruit,
cooked and raw vegetable consumption; poultry-fsly, non-oily fish, salt added to food)
e Model 4: Model 3+ time TV viewing, physical actii(walking, moderate and vigorous),
Body Mass Index

o Model 5a: Model 4+ walking pace

o Model 5b: Model 4+handgrip strength (average giitriand left hand measures)

References (hazard ratio 1, dotted lines)

Results are presented per 1- weekly serving oarneblprocessed meat intake (processed meat
+ beef + lamb/mutton+ pork)

Spikes indicate 95% ClI

Figure 2: Association of red and processed meat frequencgrmgumption with all-cause,
cancer, and cardiovascular mortality-in quartiles

Legend

Model 1: Unadjusted

Model 2: Age, gender, ethnicity, Townsend scorepleyment, number of medications
Model 3: Model 2+ education, smoking status, altaise, diet (fresh fruit, dried fruit,
cooked and raw vegetable consumption; poultry-fisly, non-oily fish, salt added to food)
Model 4: Model 3+ time TV viewing, physical actiyifwalking, moderate and vigorous),
Body Mass Index

Model 5a: Model 4+ walking pace

Model 5b: Model 4+ handgrip strength (average giitriand left hand measures)

Reference is the lowest quartile (quartile 1).

Median (IQR) frequency per week of red and proasseat of consumption by quartile:
Q1, 1.5(1.0-2.0)Q2, 2.5 (2.5-3.0)Q3, 4.5 (4.0-5.0) Q4, 7.0 (6.0-8.0)

Figure 3: Interaction of red and processed meat intake wélking pace and handgrip

strength on the risk of all-cause, cardiovascuhar @ncer mortality
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Model

5a

5b

All-cause mortality

Quartile

A ODNPPODNDEODNMNDEODNMPDEODNDODN

Hazard Ratio (95% ClI)

1.130 (1.061, 1.204)
1.354 (1.277, 1.435)
1.712 (1.610, 1.821)
1.029 (0.965, 1.096)
1.158 (1.092, 1.229)
1.305 (1.225, 1.389)
1.051 (0.984, 1.123)
1.150 (1.080, 1.224)
1.261 (1.181, 1.347)
1.050 (0.983, 1.122)
1.144 (1.075, 1.218)
1.252 (1.172, 1.338)
1.047 (0.980, 1.118)
1.138 (1.070, 1.211)
1.243 (1.163, 1.328)
1.051 (0.984, 1.122)
1.146 (1.077, 1.220)
1.253 (1.173, 1.338)

~ o~ o~ o~ o~ o~ o~ o~

0.8

25

Cardiovascular mortality

Hazard Ratio (95% ClI)

1.236 (1.064, 1.435)
1.636 (1.428, 1.873)
2.013 (1.746, 2.322)
1.080 (0.929, 1.256)
1.267 (1.104, 1.454)
1.308 (1.131, 1.514)
1.121 (0.958, 1.311)
1.271 (1.098, 1.472)
1.281 (1.097, 1.496)
1.104 (0.944, 1.290)
1.242 (1.075, 1.435)
1.238 (1.062, 1.442)
1.099 (0.940, 1.284)
1.233 (1.067, 1.424)
1.225 (1.052, 1.428)
1.105 (0.945, 1.291)
1.246 (1.078, 1.439)
1.240 (1.064, 1.445)

0.8

Cancer mortality

Hazard Ratio (95% ClI)

1.178 (1.085, 1.279)
1.290 (1.193, 1.394)
1.549 (1.426, 1.682)
1.079 (0.994, 1.173)
1.153 (1.066, 1.248)
1.277 (1.173, 1.390)
1.070 (0.982, 1.166)
1.109 (1.022, 1.204)
1.194 (1.093, 1.303)
1.065 (0.977, 1.160)
1.100 (1.013, 1.195)
1.183 (1.082, 1.293)
1.063 (0.976, 1.159)
1.098 (1.011, 1.192)
1.178 (1.078, 1.288)
1.065 (0.977, 1.160)
1.101 (1.013, 1.196)
1.183 (1.082, 1.293)

0.8

14 18 25



Category

All-cause mortality

Slow-average pace

Brisk pace

Handgrip strenth-tertile 1

Handgrip strenth-tertile 2

Handgrip strenth-tertile 3

Cardiovascular mortality

Cancer mortality

Slow-average pace
Brisk pace

Handgrip strenth-tertile 1

Handgrip strenth-tertile 2

Handgrip strenth-tertile 3

Slow-average pace
Brisk pace

Handgrip strenth-tertile 1
Handgrip strenth-tertile 2

Handgrip strenth-tertile 3

Deaths

6171

2415

2980

2632

2974

1264

396

485

536

639

3284

1528

1692

1438

1682

Participants

248554

170521

150711

129605

138759

248554

170521

150711

170537

138759

248554

170521

150711

129605

138759

Hazard Ratio (95% CI)

1.040 (1.029, 1.051)
1.025 (1.006, 1.045)
1.039 (1.022, 1.057)
1.052 (1.035, 1.069)

1.022 (1.006, 1.038)

1.032 (1.009, 1.056)
1.016 (0.968, 1.067)
1.021 (0.983, 1.061)
1.043 (1.007, 1.080)

1.021 (0.987, 1.056)

1.034 (1.018, 1.050)
1.015 (0.990, 1.040)
1.033 (1.009, 1.057)
1.044 (1.020, 1.068)

1.014 (0.993, 1.036)

11

P interaction

0.046

0.201

0.381

0.420

0.062

0.571



Highlights:

* Does physical function modify the association between meat consumption and health?
* Red and processed meat consumption is positively associated with mortality
e Theknown risk of this association may be lower in those with high physical function

» Future dietary recommendations could be tailored according to physical function



