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Abstract

Dietary guidelines emphasize selecting lean (low-fatptsyéo reduce saturated fat 3
cholesterol, but growing evidence suggests that health effectsetasg to other ingredient
such as sodium, heme iron, or L-carnitine. Understanding how mdatmicé health, and ¢
which nutrients this relationship depends, is essential to advise cansiwmiees, s§
guidelines, and inform food reformulations. A recent study publisheBMC Medicine
involving 448,568 participants in 10 European countries, provides important eitetiis
regard. After multivariate adjustment, intake of unprocessed ret wasanot significantly
associated with total or cause-specific mortality; conversetgke of processed meat w
associated with a 30% higher rate of cardiovascular diseade) ((p€r 50g/day, relative ris
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1.30, 95% confidence interval 1.17 to 1.45) and also higher cancer morthabkise Tinding$
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are consistent with our previous meta-analysis, based on smailigesstshowing strorJg
associations of processed meats, but not unprocessed meats, witlPi@¥@&vatives are the
notable difference; the calculated blood-pressure effects of salififerences (around 400%
higher in processed meats) explain most of the observed higher itisGugh unprocessed
red meats seem to be relatively neutral for CVD, healthiercebaare available, including
fish, nuts, legumes, fruits, and vegetables. Public-health guidance shioulizpravoidance
of processed meats, including the low-fat deli meats currentiikatesl as healthy choicgs,
and the food industry should substantially reduce sodium and other preservatives iregfocess
meats.
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Background

Eating red meat is commonly considered to be a major diet&rforisardiovascular disease
(CVD). Most of the focus has been on the saturated fat and @rolesbntent, leading to
public-health emphasis on selecting lean meats and moderating ovetatom&amnption [1],
yet a growing body of evidence indicates that the story is ndatimple. First, whether
compared with the overall background diet or with carbohydrate cgrtsumoverall intake
of saturated fat is consistently unrelated to incidence of 243]. Second, the health
effects of red meat may be most strongly related to othezdregits, such as sodium or other
preservatives present in processed meats [5], heme iron, whighnoraase the risk of
diabetes [6-8], or L-carnitine, which may be metabolized by gutebacto pro-
atherosclerotic compounds [9]. Understanding the relations of makeinith major health
outcomes, and on which key nutrients this relationship depends, is dskangaiding
consumer choices, setting and prioritizing dietary guidelines, aridrming food
reformulations to reduce risks. The recent investigation by Rohrmashrcaleagues [10]
provides important evidence that helps further clarify these key issues.

Discussion

The investigators evaluated how eating meat related to tadat@use-specific mortality in

the large European Prospective Investigation into Cancer (EPIC)tcotabnding 448,568
participants in 23 participating centers across 10 European countrstadntly, that study

took care to separately evaluate unprocessed red meat, unprocessst qaiilprocessed
meats (including processed red meat and processed poultry). Duidavgrage follow-up of

12.7 years, 26,344 deaths occurred, comprising 5,556 due to CVD, 9,861 to canceq 1,068 t
respiratory disease, 715 to digestive tract diseases, and 9,144 tcaubes. Notably, the
authors appropriately accounted for potential effects of residudibending (which would
cause, in this case, overestimation of harm of meat intakd) random errors in diet
assessment (which would cause underestimation of associations).

In calibrated and adjusted models for various lifestyle and diéatgrs, consumption of
unprocessed red meat was not significantly associated with i@vftality (per 100 g/day,
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relative risk (RR) = 1.09, 95% confidence interval (Cl) = 1.00 to 1.&8psumption of
unprocessed poultry was associated with a non-significant trend téoveed risk (per 50
g/day, RR = 0.84, 95% CI = 0.69 to 1.03); and consumption of processed meat was
associated with a 30% higher risk (per 50 g/day, RR = 1.30, 95% CL~to 1.45).
Matching the serving sizes, each 100 g/day of processed meat@ssociated with an
approximately 70% higher risk (RR = 1.69, 95% CI| = 1.37 to 2.10). Traddateeekly
servings, each 100 g/week of unprocessed red meats had no sigrisisaciation with CVD
mortality (RR = 1.01, 95% CI = 1.00, 1.02), and each 100 g/week of peacessats was
associated with 8% higher risk (RR = 1.08, 95% CI = 1.05, 1.11).

Do these findings suggest cause and effect? Observational stadibs tmited by residual
confounding, that is, the observed associations being due to other unmeasyeorly
measured factors. However, when considering such effects,ritdslicto consider plausible
directions of confounding. As seen in previous studies, unprocessed and prouessed
consumption in EPIC were each associated with higher-risk demogyaphit worse
lifestyles, including older age, higher body mass index lower intétke, greater current
smoking, and lower education; conversely, many of these associatgyasattenuated or
reversed for poultry consumption. Although the authors adjusted for thesesfaesidual
confounding could still be present as a result of imperfect @migameasurement. In
addition, the authors did not adjust for other key dietary confounders suideasvhole
grains, nuts, legumes, fish, almdnsfats. Based on the associations of meat intake with these
risk factors, residual confounding could overestimate the harmfuliageos of processed
meat consumption and the protective associations of poultry consumption. Horesidgual
confounding could not plausibly explain the absence of a link between uspedaed meats
and CVD, as the direction of residual bias in this case would berdoshhowing more harm,
not less.

A second method to evaluate potential confounding is use of a ‘negativel’cdh#t is, a
health outcome on which the risk factor of interest would have fiktlesible effect [11]. In
the EPIC investigation, when other causes of death were evaluaséeé, aitunprocessed red
meat was not associated with cancer, digestive, respiratasthear deaths, whereas intake of
processed meat was associated with higher rates of canceth@ndieaths (with a smaller
magnitude than for CVD deaths) and was not associated with respicatdigestive deaths.
The absence of associations of processed meat intake with badlpginrelated causes of
death supports a low likelihood of confounding as an explanation for the abdegrer
risks of CVD and cancer deaths.

What are the implications of these findings? In 2010, we performatkta-analysis of
observational studies that showed no significant association betwaka woft unprocessed
red meat and coronary heart disease (CHD) (per 100 g/day, RR =9%%0CI| = 0.81 to
1.23), and significant positive associations between processed nadat amd CHD (per 50
g/day, RR = 1.42, 95% CI = 1.07 to 1.89) [5]. However, whereas the finingsocessed
meat were based on 21,308 incident CHD events, the studies available foeta-analysis
of unprocessed red meats and CHD covered less than 1,000 cases. Subsedysss from
large prospective cohorts in the USA supported stronger associatigm®oafssed meat
intake with CVD, but also suggested statistically significdtitpagh modest, associations of
unprocessed red meats [12,13]. This investigation in EPIC, includinty resdi a million
participants across 10 European countries and more than 5,000 cardiovaseuits,
confirms that consumption of processed meat is strongly assowiete@VD risk, and that
consumption of unprocessed red meat has little to no association.



These findings, taken together with previous studies, have impartgiications for
understanding how meat consumption influences cardiovascular health. lmupraxalyses,
we found that average contents of saturated fat, cholesterol, and f@mare similar
between unprocessed red meats and processed meats (indeed, @vaesgerol and heme
iron contents are lower in processed meats) [5]. The strong @$soaf processed meats
with CVD, compared with the weak or absent association of unprocesseteats with
CVD, suggests that none of these ingredients have major etiecBVD risk. This is
supported by evidence for no overall association of saturated-fairoptien with incident
CHD [2-4], and little overall association of dietary cholesterol with CHD [14].

These findings also inform the extent to which other meat ingmesimight be relevant for
risk. Experimental evidence suggests that trimethylamine itlepxa metabolite of L-
carnitine formed by intestinal microbiota, is pro-atherogenic [9], ygprocessed red meats,
which have the highest L-carnitine content, have little associatitm CHD, whereas
processed meats, which are commonly made from pork or even poultgotitains much
lower L-carnitine levels, are associated with higher CHiR.rin sum, these results suggest
that trimethylamine N-oxide may not mediate the observed associatitngskit

Preservatives are the most notable difference between unmdeess processed meats. In
the USA, processed meats contain an average of 400% more sodium and&D%trates
than unprocessed red meats [5]. The predicted blood-pressure efféhts ltfjh sodium
content alone can account for more than 2/3 of the observed relationshgeegirocessed
meats and CHD risk [15].

Conclusion

The global pandemics of CVD, diabetes, cancers, and obesity havatidedly increased the
interest of the public, policy-makers, media, and food industry in how dietary hahitnicd!
health and disease. Thus, reports such as those by Rohrmann and esljé@pare crucial
for both informing science and educating the public. A growing alitee provides
compelling evidence that intake of processed meat increasesriSk,Dvhereas intake of
unprocessed red meat has a relatively small or no effatt. rather than focusing on
preservatives and processing, many dietary guidelines continumpbasize eating lean
(lower-fat) meats. The food industry has taken up this call, lyegvomoting low-fat
processed meats. Restaurant and fast-food chains that promots bel+imeat sandwiches
are notable offenders, promoting sandwiches containing highly proceseats, refined
grains, and processed cheese as a ‘healthy’ choice becaysaré¢htow fat.’ Few meals
could be worse for health. Public-health guidance should prioritize aavzedof processed
meats, whether red or white, or lower-fat or higher-fat. Fumbes, given the likely
contribution of sodium in the harmful health effects, the food industoyld substantially
reduce sodium and other preservatives in processed meats. lorgdditiough consumption
of unprocessed red meat appears to be relatively neutral for Sk\Dno evidence suggests
cardiovascular benefits, and many healthier dietary choices/allalde, such as fish, nuts,
and legumes. Cattle farming also induces devastating environméfetzts e dramatically
increasing greenhouse-gas production, water wastage, and deforedt@liddelth effects
in humans aside, red-meat consumption is clearly bad for thé tedadiur planet. Dietary
recommendations should continue to move away from fat-based guidshidesstead focus
upon foods and dietary patterns, including increased consumption of frig&tabkes, nuts,
whole grains, and fish, and avoidance of processed meats, other high-fmatigmpartially
hydrogenated vegetable oils, and refined grains, starches, and sugars.
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