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Background: Few randomized trials have evaluated the effect
of reducing red meat intake on clinically important outcomes.

Purpose: To summarize the effect of lower versus higher red
meat intake on the incidence of cardiometabolic and cancer out-
comes in adults.

Data Sources: EMBASE, CENTRAL, CINAHL, Web of Science,
and ProQuest from inception to July 2018 and MEDLINE from
inception to April 2019, without language restrictions.

Study Selection: Randomized trials (published in any lan-
guage) comparing diets lower in red meat with diets higher in
red meat that differed by a gradient of at least 1 serving per
week for 6 months or more.

Data Extraction: Teams of 2 reviewers independently extracted
data and assessed the risk of bias and the certainty of the evi-
dence.

Data Synthesis: Of 12 eligible trials, a single trial enrolling
48 835 women provided the most credible, though still low-
certainty, evidence that diets lower in red meat may have little or

no effect on all-cause mortality (hazard ratio [HR], 0.99 [95% CI,
0.95 to 1.03], cardiovascular mortality (HR, 0.98 [Cl, 0.91 to
1.06]), and cardiovascular disease (HR, 0.99 [CI, 0.94 to 1.05]).
That trial also provided low- to very-low-certainty evidence that
diets lower in red meat may have little or no effect on total can-
cer mortality (HR, 0.95 [Cl, 0.89 to 1.01]) and the incidence of
cancer, including colorectal cancer (HR, 1.04 [CI, 0.90 to 1.20])
and breast cancer (HR, 0.97 [0.90 to 1.04]).

Limitations: There were few trials, most addressing only surro-
gate outcomes, with heterogeneous comparators and small gra-
dients in red meat consumption between lower versus higher
intake groups.

Conclusion: Low- to very-low-certainty evidence suggests that
diets restricted in red meat may have little or no effect on major
cardiometabolic outcomes and cancer mortality and incidence.

Primary Funding Source: None (PROSPERO: CRD42017074074).
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bservational studies have reported that intake of

red meat is associated with cardiometabolic dis-
ease and cancer (1-8). Dietary guidelines from the
United States, United Kingdom, and the World Cancer
Fund/American Institute for Cancer Research recom-
mend limiting intake of red and processed meat (8-10).
Such recommendations are primarily based on obser-
vational studies that are at high risk for confounding.

Randomized trials generally provide higher-certainty
evidence supporting causal relationships (11, 12). The few
systematic reviews of trials addressing red meat con-
sumption have evaluated only surrogate outcomes, such
as blood pressure and lipid levels (13-15).

In this systematic review of randomized trials, we
investigate the effect of lower versus higher red meat
intake on the incidence of major cardiometabolic and
cancer outcomes. The review was performed by the Nu-
tritional Recommendations (NutriRECS) working group as
part of a new initiative to develop trustworthy guideline
recommendations in nutrition (16). In addition to this re-
view, we performed 4 parallel systematic reviews that fo-
cused on observational studies addressing the effect of
red and processed meat consumption on cardiometa-
bolic and cancer outcomes (17-19), and a review of
health-related values and preferences related to meat
consumption (20). These reviews were used to underpin
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guideline recommendations for consumption of red and
processed meats (21).

METHODS

We registered the systematic review protocol in
PROSPERO (CRD42017074074) on 10 August 2017
(22).

Data Source and Searches

We searched MEDLINE, EMBASE, CENTRAL (Co-
chrane Central Register of Controlled Trials), CINAHL
(Cumulative Index to Nursing and Allied Health Litera-
ture), and the Web of Science from inception until July
2018, and MEDLINE from inception through to April
2019, with no restrictions on language or date of pub-
lication (Section | of the Supplement, available at
Annals.org). We also searched ProQuest Dissertations
and Theses Global (1989 to 2018); trial registries, in-
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cluding ClinicalTrials.gov and the World Health Orga-
nization International Clinical Trials Registry Platform
Search Portal, to April 2019; and bibliographies of eli-
gible studies and relevant systematic reviews.

Study Selection

We included English-language and non-English-
language reports of randomized trials of adults allo-
cated to consume diets that included varying quantities
of unprocessed red meat (measured as servings or
times/week, or as g/d) or processed meat (meat pre-
served by smoking, curing, salting, or adding preserva-
tives) for 6 months or more (23). Eligible trials com-
pared diets lower in red or processed meat with diets
higher in red or processed meat that differed by a gra-
dient of at least 1 serving per week (Table 1). If a trial
reported more than 2 study groups (24, 25), we used
the groups with the largest gradient in red meat intake
or combined groups if red meat intake was equal. Stud-
ies in which more than 20% of the participants were
pregnant or had cancer or a chronic health condition,
other than cardiometabolic diseases, were excluded.

Outcomes of interest, which were determined a
priori and in consultation with the guideline panel,
were all-cause mortality, cardiovascular mortality, ad-
verse cardiometabolic events and major morbidity,
cancer mortality and incidence, quality of life, and sur-
rogate outcomes (weight, body mass index, blood lipid
levels, blood pressure, and hemoglobin level) (22).
Pairs of reviewers screened titles and abstracts for ini-
tial eligibility and reviewed the full text of potentially
eligible studies, independently and in duplicate. Re-
viewers resolved disagreements by discussion and
third-party adjudication if needed.

Data Extraction and Quality Assessment

Using standardized, piloted forms, pairs of review-
ers conducted calibration exercises and independently
extracted information on study design, participant char-
acteristics, interventions, comparators, and outcomes
of interest and resolved disagreement by discussion or,
if necessary, third-party adjudication. When details re-
lated to methods or results were unavailable or unclear,
we contacted study authors for additional information.

Reviewers, independently and in duplicate, as-
sessed the risk of bias of eligible trials by using a mod-
ified version of the Cochrane Collaboration's risk of
bias instrument for randomized trials (26-28). The mod-
ified version categorizes risk of bias as “definitely low,”
“probably low,” “probably high,” or “definitely high” for
each of the following domains: sequence generation,
allocation sequence concealment, blinding, missing
participant outcome data, selective outcome reporting,
and other bias (for example, prematurely terminated
studies). We resolved any disagreements by discussion
or, if necessary, third-party adjudication. We collapsed
ratings of “probably low” and “definitely low” into “low
risk of bias” and ratings of “probably high” and “defi-
nitely high” into “high risk of bias.” Among the 8 risk of
bias domains, we considered a study to be at high risk
of bias if, at the outcome level, 2 or more domains were
at high risk of bias (Section | of the Supplement).
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Data Synthesis and Analysis

We reported risk ratios (RRs), hazard ratios (HRs),
and mean differences (MDs) with their 95% Cls for the
lowest versus highest category of red meat intake, at
the last reported time point. We used the Hartung-
Knapp-Sidik-Jonkman approach to pool data (29, 30).
To calculate absolute risk differences, we multiplied the
effect estimate for each outcome with the population
risk estimates from the Emerging Risk Factors Collabo-
ration study for cardiometabolic outcomes (31) or from
GLOBOCAN for cancer outcomes (32, 33) and, when
this was not available, the control group estimate from
the largest study (Section | of the Supplement).

We investigated heterogeneity by using the Cochran
Q test and the I statistic (34). We used R Project, version
3.3.0 (R Foundation for Statistical Computing), for all
analyses.

To rate the certainty of the evidence for each out-
come, we used the GRADE (Grading of Recommenda-
tions, Assessment, Development and Evaluations) ap-
proach (11, 35-39). Reviewers, independently and in
duplicate, assessed the certainty of evidence for each
outcome, and resolved disagreements by discussion.

Role of the Funding Source
This systematic review was conducted without fi-
nancial support.

RESULTS
Study Selection

Electronic searches yielded 13 190 unique articles
(Appendix Figure, available at Annals.org). Of these, 24
articles (24, 25, 40-62) reporting on 12 unique ran-
domized trials met eligibility criteria. In 2 instances, au-
thors provided clarification about study characteristics
or outcomes: Turner-McGrievy and colleagues (24)
clarified the aggregated change in weight for vegan/
vegetarian and semi-vegetarian/omnivorous groups,
and Griffin and associates (44) clarified reported effect
estimates.

Study Characteristics

Trials ranged in size from 32 to 48 835 participants
(Table 1). The mean age of participants ranged from
22.4t0 70.9 years. The largest study, the Women's Health
Initiative (WHI), enrolled postmenopausal women (45).
Five trials, including the WHI, enrolled overweight and
obese participants (24, 25, 41, 45, 59, 60); 5 focused on
participants with medical conditions, such as diabetes or
hypercholesterolemia (42, 43, 57, 58, 61); and 1 enrolled
older (>64 years) healthy individuals (41). Only 1 trial ex-
plicitly reported participants' consumption of both unpro-
cessed red meat and processed meat (62).

All trials used parallel designs, except for a small
crossover trial in patients with hypercholesterolemia
(57). Intervention and control diets varied widely. The
primary protein intake in the low red meat group was
from plant sources in 4 trials (40, 60, 58, 61); from ani-
mal protein sources in 5 trials (25, 43, 44, 57, 59); and
from a mix of plant and animal protein in 3 trials (24, 41,
42). The largest trial, the WHI trial, compared a low-fat

Annals.org


http://www.annals.org
http://www.annals.org

REVIEW

Red Meat Intake and Cardiometabolic and Cancer Outcomes

abed buimojjoy uo panuiuo)

¥N wsipelb
1eSW Ul 9dUBIBlIP

(129w paJ wouy uteroid
10 9,05 1NOQe) UOIEIDOSSY
selaqel( uedLawy
53U} JO SUOIEPUSWIWOD8)
01 Buipiodoe
191p [ensn :3a1p |ensn

snid (p/Bw 1) |udejeusy
o3ejul uieoud Jo Junowe
|e101 ay1 BuiBbueys Jnoyum
‘(4ouenb Baj ssajunys)
1B9W USYDIYD YIEP YIM
paoe|dal semialp ensn
ay1 ulleaw ||y :0oqade|d

(j1zeag)

91 32Ip
jensn snid |udejeuy
91 :0qede|d aAnoe

seoiu)|D ap
|endsoH quawdojenaq
|eaibojouyoa |
pue ol1usIdg

10} [IDUNOY) [eUONEN
‘ABojouyde ]

(e¥) 8002

zl zl dnoiB-usemiaq [eny sn|d 1a1p paseq-uaxolyD sejeqelp z adA | 1’/ sn|dielp paseqg-uaydiyD pue 8oua12g Jo Aisiuly AN AN JERERCIEINETe)
101p spnid
e Mmoj||oj 01 suemisAyd
Buipuane Jiayy Aq pasinpe
21am pue siojebnsaaul
2y} woly adinpe Aieraip
ou panledal syuedidiey
191p adA)-uiesap) Juspniy
sjuaned
01 paljddns sunebiew
paseq-|1o ejoued e
yum pase|dai aq 0} weaid
pue Jjenng pue inJy
1noyum Aep ou ‘(Anjnod
yum pasejdas aq o3 iod 3|eDIPAN BYdIayday
sm/sBuinies pue ‘quie| ‘}oaq) 1e8W SS8| e| unod uonepuo4 \NSg
6°1 A|erewixoidde sem ‘ysi} a1ow ‘sa|qeraban aA[eD-eASY “TOAINO
syeaw passadoud pue pai usa1b pue ss|qeraban (2ouel4) uonoiesul xE8E 1 121p Wspniy INOILID 'SLIAVND
Jo 1usIpelb ul sduslayip 1004 310w ‘pealq alow |e1piesoAw L9VL !Yoaessay Jo Ansiuly (2¥) 6661
8y 9¢-/2 dnouB-usamiaq ayy ‘A 4 1y YHM 181p uesURLISUPS 1511} € JO SIOAIAING 6 1191p UeaueLIB)IPaIA !(anbiul|) neasay) NYISNI N ‘Apmg LeaH 181q uok ‘le 1 [uabio] ap
(spuowie)
eljensny jo pieog
puow|y (jio ejoued)
P17 19p|el4 uewWpooH
‘(eum pue sawnba|)
191p [eniqey Jisyy pr1 Aid ejensny jo/dwig
ulelulew O3 payse aiam {(sswnbBa|) uoninnN
siuedidnued 181p |0AU0D sewnBs g suleln
(uooeq ‘1wejes ‘'wey Jm/eaw pai jo Buinies !(sinuead) eljensny
papnjoxa) ym/sBuinies 1> ‘ysy ‘sewnBa) ‘synu o Auedwo) 1nueay
Z't Kjerewixoidde ‘s|eaued ulelB-ajoym ‘1niy ‘(10 @Aljo ulBlin-e1ixa)
SeMm 1eaw a1ym pue pal ysauj 'sa|qerabon ‘|10 anljo 91e153 Weiqo)
Jo 1usipelb ul sdualayip uiBaia-enyxe yuepunge (e1jensny) 18 2181p [eniqeH uno) yoieasay
9 9 dnouB-usamiaq ayy ‘ow ¢ 1y YHM 181p uesURLISUPSN Auepla Ayijeay ¥'9G  Gg :19Ip UeaUBLIBLPA|  |EDIPS|A PUE L1jeaH [euoneN AN RPN (L) £102 ‘B 18 siaeg
AMm/sawn
1eaW pal 381p sso| 1yBrom
1esw-pal-ybiy ‘uieroid-ybiy
N aipelb SM/aWi | > 1eawW pal 31a1p 91 181p utoid-ybiy
1e3W Ul ddUBIBHIP sso| 1yBlam 1eaW-pai-mo| (eljensny) A 1uelB yolessal |edipaw (0t) 6002
zl zl dnoiB-usamiaq [enpy ‘arespAyoqued-ybiy 00  20Ip 2eipAyoqued-yBiy  eljelsny 3201SaAIT pue 1eay UN YN ‘e 18 sueAg-isseuag
ow ow
‘dn-mojjo4 ‘uonuaniazu| sdnoip usamiag % Jaquiny uonensibay (92ua1349y)
jo uoneing jouoneing uonONpPayY LS\ Ul Ju3ipeln 1uyaq dnoug Apmg (Anuno)) s|dwes ‘uswopp u ‘syuedpiyed @d4nog Buipung ‘owepN Apmig 1eap “Apms

sonsueeley) Apnis ‘131qpg

Annals of Internal Medicine

Annals.org

ity of Washington user on 10/01/2019

ivers

/lannals.org by Un

Downloaded from https


http://www.annals.org

Red Meat Intake and Cardiometabolic and Cancer Outcomes

REVIEW

abed buimojjoj uo panunuo)

N wsipelb
jesw ul OUCW‘_wt_mu
dnoiB-ussmiaq [endy

([9%5°S2-%8'7L 1D %56]

%20z A|orewixoidde)

ym/sBuinies

1| A|orewixoidde sem

1eaW pal jo usipels ul

soualayip dnoib-usemiaqg
ay1 ‘sieah ¢ 1y

9'v0C-¢L vyl-¢L

YN waipelb
1e3W Ul 8dUBIBHIP

zZl zZl dnoiB-ussmiaq [endy

spod o ‘jean
'J99q Uea| Jo Wloj 8y} ul
1e9W [2101 J18Y} JO %083
SWNSUOD 0} pPaloNIIsul
alom syuedioniey

:dnoub 1eaw paJ ues
sty 4o Aijnod
se paulap ‘1eaw auym
uesa| se uondwinsuod
1edW JIdY3 40 %083
SWNSUOd 0} pPaldNIIsul
alam syuedidipey

:dnoub jeaw s1ym ues
ysty||ays 4o ‘ysiy ‘Annod
“Jesw pal Buipnpul
Jesw ues| jo Aep
Jad 6 /| 01 dn awnsuod

01 Pa1oNJISUl 81om sjusied
s|eliaiew [euoneanpe
paie|al-yieay
pue 181p Jay1o se ||om se
suedlIsWY IO} SauljapIng
Kieyeig ays jo Adod

e paAl@dal 1aIp [enliqeH
Ajiep sbuinies 9z oy suleb
pue sBuinies Gz 013Ny
pue sa|qe1aben Jo axelul
asealdul 01 pue %0z
011e} Aiejalp [e301 @onpal
01 (Apnis jo uoneinp
10} A/suoisses yz) woddns
|elOIARYSq BAISUBIXS

pey dnouib 181p 18)-M0O7
AM/SOWR T "Ysly
Dim/aun | ‘leaw alym
yM/saw 7 10 sBUIAIBS {7
‘leaw pai—|eaw Buiuens
104 paquasa.d (1yBrom
mel 6 9pg) 1eaw (3iod Jo
Kijnod) @11ym pue (quig|
10 J93q) pal Jo sjunowe
19s !Aep ay) Buunp
1esw Jo adA Aue jo (med)

6001 181p uR304d-ybIH
AM/SBWNI 7 "Ysly
joem/sawl} f ‘1eau alym
Sym/awn | o Buiaies |
1lesw pai—|eaw Bulusns
104 paquosald (ybrem
meu 6 0g) 1esw (yiod Jo
Aiynod) aym pue (quig|
10 }29Q) pal jo sjunowe
195 ‘Aep ay3 Bulinp jeaw
10 adAy Aue jo (mea) 6 00|

181p @1e4pAyoqued-ybiy

(se3e35 pauun)
elwa|ousissjoydsadAy

(se1e1g
panun) uswom
anisuapadAy
%017-%0€<
‘esaqo

10 1yBramiano %40/ <

(eljensny)
uswom wmwﬂo

10 1yBramiano Buno

G6 19Ip 1AW pal uea
L0L
Ly 191p 1eaW alyMm ues]

Y6 62 39Ip [enigeH

0°00L LYS 61 A91Pp 18y-MmoT

9¢ 121p uterod-ybiy
se

0001 181p a1eipAyoqued-ybiH

(£9) 0002
‘e 18 @3eybBuluuny

uoneossy

Joog s,uswae) |euonen AN UN

(95-5¥)
|13 @AReu|
Yi|eaH s,uUsWOopn

S82INIBS UeWwiny pue 1 L900000LON ‘[eHL
yijesH jo uswypedsq 'sn uonesiipo|p Aiersig
‘Uy1|ESH JO SEINIISU| [BUONEN  SAIENRIU| Yl[BSH S,USWOAA

02/0€000609C LNY LDV

el|eASNY 300ISSAIT pUe 13|\ WUN - (PP) €102 |8 38 Uil

ow ow
‘dn-mojjo4 ‘uonusniaiuj
jouoneing  jouoneing

sdnoip usamiag
1ONPaY 1es\ uljusipeln

yoq dnoip Apmg

(K

%

uno)) 3| S

u‘syuedpiiey

1aquinN uonessibay
‘oweN Apms

(@duaiaj9y)

@2inog Buipung aea) ‘Apmg

panunuoD-IaIqn]

Annals.org

4 Annals of Internal Medicine

ity of Washington user on 10/01/2019

ivers

/lannals.org by Un

Downloaded from https


http://www.annals.org

REVIEW

Red Meat Intake and Cardiometabolic and Cancer Outcomes

abed buimojjoy uo panunuo)

N sipelb
jeaw ul wucwk_wtv_ﬁ

spooy ||e
pauleluo)) 181P SNOIOAIUWQD
PSR
Gs Aijjnod seem
Jad 92u0 0} payiwi| 1eawW
pai !spoo} paseq-ue|d
01 uonippe ui ‘Airep pue
'sBBa ‘ysiy||ays pue ysiy
‘Annod ‘yesw Buipnjoul
'Spooy ||e pauleluo)
181p ueleleban-lwes
spooj paseq-jue|d
0} uonippe ul ‘Ailep pue
'sB6a ‘ysiy||ays pue ysi
uleluod pip Inq Anjnod
J0 3e8aW UlRIUOD J0U
pi@ 391p ueLieleBan-00sa
spooy
paseq-iue|d oy uonippe
ut ‘Airep pue s66s
uteluod pip ing Aijnod
10 'ysi} ‘yedW UlLUOd
j0u pI 381p ueLRIBBAA
spooy
paseq-iue|d paziseydws
!spnpoud jewiue Aue

(se115 peun)

21 :391p SNOJOAIUWQO
€l

21p ueleleban-lwes
€l

191p uelelaban-00say

€1 19Ip ueuelaBbap

AN (sL3ia

MaN) sso|-1yBrom
J10j syuswiieal |
E RN VER

(ve)sioz

9 9 dnoiB-usamiaq [endy  UlEIUOD J0U PI 18Ip UBBBA  858q0 40 1yBlamisnQ 0€L 21 101p ueBap UN  suonusasou| Aiersig maN  ‘|e 18 AneLIDD|N-IsuUIN |
Joaq punolb ues|
%063 0 yeam/sBuinIes
€ 18 0} payse
a1am syuedidined :1a1p 1ea
NINRUENIS] jm/sBuinies ¢ 1e jesw UONBIDOSSY SIBMOID)
1e9W Ul 9dUaIByIp 10§ PaINIISANS 19M (2O @) (se1e15 panun) /€ 21p 1edN WoOoIYSN|A ueljessny (09) €102
19 zl dnoiB-ussmiaq [EN1DY  SWOOIYSNIA 1181P WOOIYSN| 85840 10 1yBlamisnQ 118 9€ 181p WOoOIYsNA 2UNOD) WOOIYSNA UN YN ‘le 18 Jeppogd
IR0P [EERy AR
ulejulew O} Padse aiom
sjuedinieq :dnouib jonuo)
Sm/sBuinies j@am Jad syuod
9'¢ Ajprewixoadde Jo (uswom) sbuinies g Jo
sem jeaw pal (uswi) sBuialas 7 swnsuod anua)
J01UBIpeIb Ul 9dUSISHIP 0} paNJisul a1em (eljensny) 08 33!p [eniqeH yoseasay annessdood 0€061000809¢ LNJLOV (65)zlL0T
9 9 dnoiB-usemiaq oyl ‘ow 91y  syuedidiued :dnoibisip jiod  @seqo Jo yBlemianQ NN 8 121p Y104 Jod "“p1 jdod ueljensny NN ‘le 18 Aydunpy
Bunes Ayyjeay
uo 2Inyd0Iq piepuels
e uaaIb dnoub jeip [ensn
(122 0001 /sBuinIas
G'¢) se|qerebon
sm/sBuinias pue syny pue (jedy
/"1 Kj@rewixoidde sem 0001 Jad saqy Aiereip (se1e15 paiun)
sjeaw passedoid pue pal jo 6.g|)4aqy ui ybiy dAjod Zv0l 1elp [ensn
40 1uaipelB ul edualayip pue (1e} Wouj salio[ed snojewouspe L€01 181p
8'96 8 dnoub-usamiaq sy A 7 1 30 %02) 183 Ul mo| 381 |omog-a6.e 0'Ge 18q1-ybiy pue jej-mo N YN ‘el uonuanaid dhjod  (85) £00T e 1o ezuen
ow ow
‘dn-mojjo4 ‘uonusaniau] sdnoip usamiag % JaquinN uonensibay (o2ua1349y)
jo uoneing jo uoneing 132NPaY 13\ Ul JUslpein iuyaq dnoug Apmg (A13uno)) sjdweg M u ‘syuedpdiyey @2inog Buipung ‘oweN Apms aea) ‘Apmg

panunuod-IaIqn]

Annals of Internal Medicine

Annals.org

ity of Washington user on 10/01/2019

ivers

/lannals.org by Un

Downloaded from https


http://www.annals.org

Red Meat Intake and Cardiometabolic and Cancer Outcomes

REVIEW

's1eak-uosiad
‘peauodal jou = YN

PP

Ayyjeay e Joj sauljepinb

Bunowoud-yyeay

oiseq panladal

1Nq ‘salio[ed 1oL1sal

01 papinb jou aiem
syuediiued :dnoub jonuo)

(proe

J1uajoul| -» g-® Apsow

18} %¥8) p/sinujem b gz

Buipnjoul ‘Kep sad (6 0z>

‘synu /-G) sinu Jo |njpuey

e pue |10 aaljo Jo B Gp-0¢

219M 1B} pappe JO S92IN0S

ule|y ‘quie| pue Jeaq UoISSILIWOD

Buioe|dau ysiy pue Aiyjnod 1NUjeAA BIUIO}IED

YHM Jesw pai Ul mo| ‘KBojouyds| pue

pue sajqersban ur you 80UaI0G Jo AsIull [2els|

‘serelpAyoqued sjdwis ‘YyieaH Jo Ansiully |eels|

Ul MO| 191P PalLIISal ‘wisiueyos|n AsaqO

N weipelb -8110[eD B MO||0} 0} ‘1yeyosuiewabsbunyosioy

1esW Ul 8duUalBIp papinb atem syuedidiiey [(ECIE] 86 19Ip [0U0D) aydsina(g ‘uoiepuno (52) 6102
9 9 dnouB-usamiaq [enoy 181p ueauUeRLIBIPAIN AKusodipe [eulwopqy 022 86 12Ip ueauelIBLPaN yoleasay uewlian YN ‘SN1d-1D3¥1a ‘|e 18 JIa|N-B|OYSeA
ow ow

‘dn-mojjo4 ‘uonusniauj sdnoip usamiag % J1aquinpN uonesnsibay (9duaiajay)
jo uoneing jo uoneing 132Npay 1ed|\ Ul Juslpelin uoniuyaq dnoup Apmg (Anuno)) sjdwes ‘uswopy u ‘sjuedpiyeyq a34nog Buipung ‘aweN Apmg 1eap ‘Apms

panunuod-1 31qp,

Annals.org

/lannals.org by University of Washington user on 10/01/2019

6 Annals of Internal Medicine

Downloaded from https


http://www.annals.org

Red Meat Intake and Cardiometabolic and Cancer Outcomes REVIEW

dietary intervention aimed at reducing total dietary fat a sample size (605 participants) more than 80 times
to 20% with a usual diet group given diet and health- smaller than the WHI trial (48 835 participants); for this
related materials (45-56). The duration of interventions reason the 2 trials were not pooled (63). Results pre-
ranged from 6 months (24, 25, 41, 59) to 12 years (51). sented below and in Table 2 regarding all-cause mor-
Risk of Bias tality and cardiovascular outcomes are based on the

WHI trial results. Results of the Lyon Diet Heart Study
are presented in Section Il of the Supplement (available
at Annals.org).

Trials were most often rated as high risk of bias for
lack of blinding (not possible for participants) and miss-
ing outcome data overall (Supplement Table 1, avail-
able at Annals.org). However, some trials were rated as
low risk of bias for specific outcomes (all-cause mortal-
ity, cardiovascular disease, type 2 diabetes, adenocar-
cinoma) because there were either more outcome

All-Cause Mortality and Cardiometabolic Outcomes
Low-certainty evidence from the WHI trial showed

o ; that a diet lower in red meat may have little or no effect
events than missing data for dichotomous outcomes or . o

o . on all-cause mortality (HR, 0.99 [95% CI, 0.95 to 1.03])
there were less than 10% missing data for continuous

outcomes. Selective reporting bias was detected in 4
trials (40, 42, 44, 57). Other biases included a non-
paired analysis of data from a crossover trial (57) and
early termination for benefit in the Lyon Diet Heart

(54). The certainty of evidence was rated down for se-
rious indirectness. The trial investigated reducing di-
etary fat intake, which led to reduction of red meat in-
take (rather than directly investigating reduction of red
meat intake). Compared with the usual diet control

Study (42). group, the low-fat dietary intervention group reduced
Outcomes their consumption of red meat by about 20% (approxi-
None of the trials reported on a combination of mately 1.4 servings per week).
fatal and nonfatal myocardial infarction, fatal infarction, Evidence showing little or no effect on cardiovas-
nonfatal coronary heart disease, prostate cancer, and cular mortality (HR, 0.98 [CI, 0.91 to 1.06]), fatal and
satisfaction with diet. Only 2 trials, the Lyon Diet Heart nonfatal cardiovascular disease (HR, 0.99 [CI, 0.94 to
Study and the WHI trial (42, 54), addressed all-cause 1.05]), nonfatal myocardial infarction (RR, 1.05 [CI, 0.96
mortality and other patient-important, major morbid to 1.16]), fatal and nonfatal stroke (RR, 0.98 [CI, 0.89 to
cardiovascular outcomes. The Lyon Diet Heart Study re- 1.07]), fatal stroke (HR, 0.97 [ClI, 0.69 to 1.36]), nonfatal
ported an implausibly large treatment effect, poten- stroke (HR, 1.03 [CI, 0.90 to 1.17]), and risk for type 2

tially due to stopping the trial early for benefit, and had diabetes (HR, 0.96 [95% CI, 0.90 to 1.03]) was consid-

Table 2. Summary of Findings for Lower Intake of Red Meat* and Mortality Outcomes

Outcome Trials, Participants, Follow-up, Hazard Ratio Population Risk Risk Difference GRADE Plain-Language Summary
n n y (95% CI) Over 10.8 y for per 1000 Persons Certainty of
Cardiometabolic (95% ClI) Evidence

Outcomes and
Over a Lifetime

for Cancer
Outcomes, n/n (%)
All-cause mortality 1 48 835 Upto17.05y 0.99(0.95-1.03) 113/1000 (11.3)F 2 fewer cases (12 fewer  Lowt Reduction of red meat may have
to 7 more cases) little or no effect on all cancer
mortality.
Cardiovascular 1 48 835 Upto13.8y  0.98(0.91-1.06)  41/1000 (4.1)t 3 fewer (11 fewer to Very lowt§ We are uncertain of the effects
mortality 8 more cases) of red meat on cardiovascular
mortality.
Fatal myocardial NR NR NR NR NR NR NR NR
infarction
Fatal stroke 1 48 835 Upto 8.0y 0.97 (0.69-1.36)  19/1000 (1.9)t 2 fewer cases (16 fewer ~ Very lowd]|1 We are uncertain of the effects
to 35 more cases) of red meat on fatal stroke.
Breast cancer 1 48 835 Upto16.1y  0.91(0.72-1.15)  14/1000 (1.4)** 5 fewer cases (11 fewer  Verylowttt  We are uncertain of the effects
mortality to 10 more cases) of red meat on breast cancer
mortality.
Total cancer 1 48 835 Upto12.3y  0.95(0.89-1.01) 105/1000 (10.5)** 12 fewer cases (26 fewer Very lowffl3t We are uncertain of the effects
mortality to 2 more cases) of red meat on breast cancer
mortality.

GRADE = Grading of Recommendations, Assessment, Development and Evaluation; NR = not reported.

* Studies did not differentiate between red and processed meat. Most red meat is consumed as unprocessed, and our estimates of effect are
therefore likely to apply predominantly to red meat.

1 Data from reference 31.

1 Downgraded twice for indirectness (trial investigated reducing dietary fat, which led to reduction of red meat, and not red meat directly) and there
was a very small between-group gradient in red meat consumption (difference of approximately 1.4 servings/wk).

§ Downgraded for risk of bias related to missing participant outcome data; although the total number of events in the Women's Health Initiative trial
was not reported, it is highly likely that the number of events was substantially lower than the number of missing participant outcomes.

|| Downgraded for high risk of bias related to missing participant outcome data because there were far more missing participant outcomes (4484)
than total events (141).

9 Downgraded for imprecision because the Cl around the absolute effect includes both appreciable benefit and no appreciable benefit.

** Data from reference 33.

11 Downgraded for risk of bias related to missing participant outcome data because there were far more outcome data missing (18 145) than total
number of cancer events (296).

11 Downgraded for risk of bias related to missing participant outcome data because there were far more outcome data missing (11 125) than total
number of cancer events (2049).
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ered of low or very low certainty owing to indirectness,
risk of bias, or imprecision (Table 2 and Supplement
Table 2, available at Annals.org).

Cancer

Because of risk of bias, imprecision, and serious
indirectness, the WHI trial (53) provided very-low-
certainty evidence that a diet lower in red meat may
have little or no effect on cancer mortality (HR, 0.95 [CI,
0.89 to 1.01]) (Table 2). Similarly, the WHI trial provided
very-low-certainty evidence that a diet lower in red
meat may have little or no effect on colorectal, pancre-
atic, esophageal, and stomach cancer in women (57,
53, 55). This evidence was rated down to very low cer-
tainty owing to risk of bias, imprecision, or serious indi-
rectness (Supplement Table 3, available at Annals.org).
The WHI trial (46, 53, 55) also found that a diet lower in
red meat may have little or no effect on the risk for
invasive breast cancer (HR, 0.97 [95% ClI, 0.90 to 1.04]);
breast cancer mortality (HR, 0.91 [95% CI, 0.72 to
1.15]); or risk for gynecologic, ovarian, endometrial
cancer, and ductal carcinoma in situ (Table 2 and Sup-
plement Table 3). Such evidence was considered low
or very low certainty owing to risk of bias, imprecision
or serious indirectness (Supplement Table 3).

One trial of 2079 participants (58) provided very-
low-certainty evidence (imprecision and serious indi-
rectness) that a diet lower in red meat may have little or
no effect on the risk for adenoma recurrence (HR, 1.04
[CI, 0.98 to 1.09]) (Supplement Table 3).

Quality of Life

The WHI trial (39 416 participants) provided very-
low-certainty evidence, owing to risk of bias and seri-
ous indirectness, that a diet lower in red meat may have
little or no effect on quality of life as measured by the
RAND 36-Item Health Survey: general health (MD, 1.7
units [Cl, 1.5 to 2.0 units]), physical functioning (MD, 2.0
units [Cl, 1.7 to 2.3 units]), vitality (MD, 1.9 units [CI, 1.6
to 2.2 units]), and global quality of life (MD, 0.09 unit
[Cl, 0.07 to 0.12 units]) (45) (Supplement Table 4, avail-
able at Annals.org). The judgment of little or no effect is
based on the minimal important difference estimates
for the domain scores on the RAND-36 instrument,
which range from 3.5 to 7, whereas the important dif-
ference for the global score is 1.7 (64).

Surrogate Outcomes

Aside from a trivial effect on high-density lipopro-
tein (HDL) cholesterol based on 6 trials (2320 partici-
pants) (0.77 mg/dL [Cl, 0.07 to 1.54 mg/dL]; 0.02
mmol/L [Cl, 0.002 to 0.04 mmol/L]; I? = 0%), low- to
very low-certainty evidence suggests diets lower in red
meat may have little or no effect on surrogate out-
comes, such as cholesterol, weight, blood pressure,
and hemoglobin (Supplement Table 4).
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On the basis of evidence from 24 articles reporting
on 12 randomized trials, our review shows that diets
lower in red meat may have little or no effect on all-
cause mortality, nonfatal cardiovascular disease, and
diabetes (low-certainty evidence) and, although we are
very uncertain, may have little or no effect on cancer
mortality and incidence. Although no effect estimates
for the major cardiometabolic or cancer outcomes met
conventional criteria for statistical significance, 13 of 21
outcomes demonstrated a trivial to very small absolute
risk reduction (range, 1 to 12 fewer events per 1000
persons over 8 to 17 years) in those who consume ap-
proximately 1 to 3 fewer servings of red meat per week.
We found some improvements in quality of life and
HDL cholesterol level, but the effects were very small:
For HDL cholesterol level, the MD was 0.77 mg/dL
(0.02 mmol/L), and for quality of life, the effects on the
RAND-36 Health Survey ranged from 1.7 to 2.0 on 3
domains in which the minimally important differences
ranges from 3.5 to 7.0.

Strengths of our review include adherence to a pri-
ori methods based on a registered protocol (22); a
comprehensive search strategy without language re-
strictions; and inclusion of evidence on 8 cardiometa-
bolic outcomes, 13 cancer outcomes, and 10 surrogate
outcomes. We used explicit eligibility criteria, duplicate
screening, abstraction of data, and risk-of-bias assess-
ments with third-party adjudication of discrepancies
and GRADE guidance to rate the certainty of evidence
for each outcome.

Our review had limitations. First, many of the data
were derived from a single large study in postmeno-
pausal women: the WHI trial. Although 12 trials proved
eligible, only 2 reported on the most patient-important
outcomes—cardiovascular mortality and major morbid-
ity, diabetes, and cancer mortality and incidence—and
we considered only the WHI trial to have trustworthy
results. Eleven studies proved at high risk of bias over-
all, primarily because of lack of blinding and substantial
missing participant outcome data.

In addition, participants consuming alternative di-
ets may have made different choices regarding smok-
ing, exercise, or other lifestyle factors. In clinical trials of
dietary interventions, particularly primary prevention
trials, studies must follow participants for decades to
capture important outcomes, such as cancer incidence
(65). Of trials that met our eligibility criteria, only the
WHI and the less trustworthy Lyon Diet Heart Study fol-
lowed participants for 2 or more years. The choice to
substitute red meat with poultry, fish, plant sources of
protein, or whole or refined carbohydrates may result
in different effects for some outcomes (66, 67). Thus,
failure to demonstrate effects of decreased meat con-
sumption may be related to trials' varying sources of
protein replacement (for example, fish) in the diets
lower in red meat (68). We had planned to address
these issues through subgroup analyses (22, 69), but
the paucity of trials made this impossible. The trials
achieved only small differences between red meat in-
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take in the intervention and control groups, equivalent
to about 1 to 3 servings per week. In particular, the WHI
study (61), on which we relied for our most important
estimates, achieved a difference of 1.4 servings per
week between the low-fat and the usual diet group
(70). The failure to find differences in outcomes may be
a result of the small gradient in red meat intake be-
tween the experimental and control groups. Had stud-
ies achieved larger gradients in consumption, research-
ers might have observed statistically significant and
possibly an important effect on health outcomes.

Finally, only 1 study specified the proportion of red
meat that was consumed as processed (42, 62). Obser-
vational studies have suggested that processed meat
may have a larger adverse effect than unprocessed red
meat (3, 6, 17, 19). Most red meat is, however, con-
sumed as unprocessed (71), and our estimates there-
fore are likely to apply predominantly to red meat.

Our review of randomized trials relies largely on
the WHI trial for estimates of effect on important major
morbid cardiometabolic and cancer outcomes. Our re-
sults for surrogate outcomes are consistent with those
of previous systematic reviews of trials, suggesting that
red meat has little or no effect on blood pressure and
blood lipids (13-15) (Supplement). Regarding impor-
tant outcomes, systematic reviews of observational
studies assessing diets that vary in red meat have, in
contrast, reported positive associations between red
meat intake and all-cause (6, 7, 19), cardiovascular (4,
6), and cancer (6, 17) mortality.

The discrepancy between results from randomized
trials and observational studies may be explained by
unadjusted confounders in the observational studies or
by smaller gradients in red meat intake in trials and,
thus, lower power, or the shorter follow-up in trials. Fur-
thermore, compared with randomized trials, observa-
tional studies do not face the same limitations caused
by poor adherence, missing end points, and financing,
allowing investigators to better capture and evaluate
important outcomes (such as cancer) that often take de-
cades to develop (65).

Our results from the evaluation of randomized trials
do not support the recommendations in the United
Kingdom, United States, or World Cancer Research
Fund guidelines on red meat intake (8-10). One could
argue, however, that neither do they seriously chal-
lenge those recommendations: We found only low- to
very-low-certainty evidence that diets lower in red meat
compared with those higher in red meat have minimal
or no influence on all-cause mortality, cancer mortality,
cardiovascular mortality, myocardial infarction, stroke,
diabetes, and incidence of gastrointestinal and gyneco-
logic cancer. Our results highlight the uncertainty regard-
ing causal relationships between red meat consumption
and major cardiometabolic and cancer outcomes.
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J.B., KC.,, KM, BS,, Y.L, GH.G.); Dalhousie University, Hali-
fax, Nova Scotia, Canada (B.C.J.); Jagiellonian University Med-
ical College, Krakéw, Poland (M.M.B.); lberoamerican Co-
chrane Centre Barcelona, Biomedical Research Institute San

Annals.org

Downloaded from https://annals.org by University of Washington user on 10/01/2019

REVIEW

Pau (IIB Sant Pau), Barcelona, Spain (C.V., M.R., P.A.); Univer-
sity of British Columbia, Vancouver, British Columbia, Canada
(D.S.); University of Toronto, Toronto, Ontario, Canada (A.A.);
Chosun University, Gwangju, Republic of Korea (M.A.H.);
Netherlands Comprehensive Cancer Organisation (IKNL),
Utrecht, the Netherlands (R.W.V.); Clinica Las Americas, Me-
dellin, Colombia (A.M.Z.); and Institute of Science and Tech-
nology, Universidade Estadual Paulista, Sdo José dos Cam-
pos, Sdo Paulo, Brazil (R.E.D.).

Acknowledgment: The authors thank Thomasin Adams-
Webber (Hospital for Sick Children) for her help designing
our search strategy.

Disclosures: Dr. El Dib received a Sdo Paulo Research Foun-
dation (FAPESP) (2018/11205-6) scholarship and funding
from the National Council for Scientific and Technological De-
velopment (CNPq) (CNPqg 310953/2015-4) and the Faculty of
Medicine, Dalhousie University. Authors not named here have
disclosed no conflicts of interest. Disclosures can also be viewed
at www.acponline.org/authors/icmje/ConflictOfInterestForms.do
?msNum=M19-0622.

Reproducible Research Statement: Study protocol: Avail-
able at PROSPERO (CRD42017074074). Statistical code and
data set: Available from Dr. Johnston (e-mail, bjohnston@dal
.ca).

Corresponding Author: Bradley C. Johnston, PhD, Depart-
ment of Community Health and Epidemiology, Dalhousie Uni-
versity, Centre for Clinical Research, Room 404, 5790 Univer-
sity Avenue, Halifax, Nova Scotia B3H 1V7, Canada; e-mail,
bjohnston@dal.ca.

Current author addresses and author contributions are avail-
able at Annals.org.

References

1. Song Y, Manson JE, Buring JE, et al. A prospective study of red
meat consumption and type 2 diabetes in middle-aged and elderly
women: the Women's Health Study. Diabetes Care. 2004;27:2108-
15. [PMID: 15333470]

2. Sinha R, Cross AJ, Graubard BI, et al. Meat intake and mortality: a
prospective study of over half a million people. Arch Intern Med.
2009;169:562-71. [PMID: 19307518] doi:10.1001/archinternmed
.2009.6

3. Micha R, Wallace SK, Mozaffarian D. Red and processed meat
consumption and risk of incident coronary heart disease, stroke, and
diabetes mellitus: a systematic review and meta-analysis. Circulation.
2010;121:2271-83. [PMID: 20479151] doi:10.1161/CIRCULATIONAHA
.109.924977

4. Abete |, Romaguera D, Vieira AR, et al. Association between total,
processed, red and white meat consumption and all-cause, CVD and
IHD mortality: a meta-analysis of cohort studies. Br J Nutr. 2014;112:
762-75. [PMID: 24932617] doi:10.1017/5000711451400124X

5. Bouvard V, Loomis D, Guyton KZ, et al; International Agency for
Research on Cancer Monograph Working Group. Carcinogenicity of
consumption of red and processed meat. Lancet Oncol. 2015;16:
1599-600. [PMID: 26514947] doi:10.1016/S1470-2045(15)00444-1
6. Wang X, Lin X, Ouyang YY, et al. Red and processed meat
consumption and mortality: dose-response meta-analysis of pro-
spective cohort studies. Public Health Nutr. 2016;19:893-905. [PMID:
26143683] doi:10.1017/51368980015002062

Annals of Internal Medicine 9


http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M19-0622
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M19-0622
mailto:bjohnston@dal.ca
mailto:bjohnston@dal.ca
mailto:bjohnston@dal.ca
http://www.annals.org
http://www.annals.org

REVIEW

7. Schwingshackl L, Schwedhelm C, Hoffmann G, et al. Food groups
and risk of all-cause mortality: a systematic review and meta-analysis
of prospective studies. Am J Clin Nutr. 2017;105:1462-73. [PMID:
28446499] doi:10.3945/ajcn.117.153148

8. World Cancer Research Fund; American Institute for Cancer Re-
search. Continuous Update Project Expert Report 2019. Meat, fish
and dairy products and the risk of cancer. Accessed at https://www
.werf.org/dietandcancer on 3 July 2019.

9. U.S. Department of Health and Human Services. 2015-2020 di-
etary guidelines for Americans. Washington, DC: U.S. Department of
Health and Human Services; December 2015.

10. The Eatwell Guide. London, UK: Public Health England; 2016.
Accessed at https://www.gov.uk/government/publications/the-eatwell
-guide on 3 July 2019.

11. Guyatt GH, Oxman AD, Vist GE, et al; GRADE Working Group.
GRADE: an emerging consensus on rating quality of evidence
and strength of recommendations. BMJ. 2008;336:924-6. [PMID:
18436948] doi:10.1136/bm;j.39489.470347.AD

12. Young SS, Karr AF. Deming, data and observational studies: a
process out of control and needing fixing. Quality Control Appl Stat.
2013;58:31-2.

13. Maki KC, Van Elswyk ME, Alexander DD, et al. A meta-analysis of
randomized controlled trials that compare the lipid effects of beef
versus poultry and/or fish consumption. J Clin Lipidol. 2012;6:352-
61. [PMID: 22836072] doi:10.1016/j.jacl.2012.01.001

14. O'Connor LE, Kim JE, Campbell WW. Total red meat intake of
>0.5 servings/d does not negatively influence cardiovascular disease
risk factors: a systemically searched meta-analysis of randomized
controlled trials. Am J Clin Nutr. 2017;105:57-69. [PMID: 27881394]
doi:10.3945/ajcn.116.142521

15. Guasch-Ferré M, Satija A, Blondin SA, et al. Meta-analysis of
randomized controlled trials of red meat consumption in com-
parison with various comparison diets on cardiovascular risk
factors. Circulation. 2019;139:1828-45. [PMID: 30958719] doi:
10.1161/CIRCULATIONAHA.118.035225

16. Johnston BC, Alonso-Coello P, Bala MM, et al. NutriRECS (Nutri-
tional Recommendations and accessible Evidence summaries Com-
posed of Systematic reviews): a protocol. BMC Med Res Methodol
2018;18:162.

17. Han M, Zeraatkar D, Guyatt G, et al. Reduction of red and pro-
cessed meat intake and cancer mortality and incidence. A systematic
review and meta-analysis of cohort studies. Ann Intern Med. 1 Octo-
ber 2019 [Epub ahead of print]. doi:10.7326/M19-0699

18. Vernooij RW, Zeraatkar D, Han M, et al. Patterns of red and pro-
cessed meat consumption and risk for cardiometabolic and cancer
outcomes. A systematic review and meta-analysis of cohort studies.
Ann Intern Med. 2019. 1 October 2019 [Epub ahead of print]. doi:
10.7326/M19-1583

19. Zeraatkar D, Han H, Guyatt GH, et al. Red and processed meat
consumption and risk for all-cause mortality and cardiometabolic
outcomes. A systematic review and meta-analysis of cohort studies.
Ann Intern Med. 1 October 2019 [Epub ahead of print]. doi:10.7326/
M19-0655

20. Valli C, Rabassa M, Johnston BC, et al. Health-related values and
preferences regarding meat consumption. A mixed-methods sys-
tematic review. Ann Intern Med. 1 October 2019 [Epub ahead of
print]. doi:10.7326/M19-1326

21. Johnston BC, Zeraatkar D, Han M, et al. Unprocessed red meat
and processed meat consumption: dietary guideline recommenda-
tions. Ann Intern Med. 1 October 2019 [Epub ahead of print]. doi:10
.7326/M19-1621

22. Zeraatkar D, Bala M, Webber-Adams T, et al. Red meat and health
outcomes: a systematic review. PROSPERO 2017 CRD42017074074.
Accessed at https://www.crd.york.ac.uk/prospero/display_record.php
?RecordIiD=74074 on 3 August 2019.

23. World Cancer Research Fund; American Institute for Cancer Re-
search. Food, nutrition, physical activity, and the prevention of can-
cer: a global perspective. Accessed at https://www.wcrf.org/sites
/default/files/english.pdf on 26 August 2019.

10 Annals of Internal Medicine

Downloaded from https://annals.org by University of Washington user on 10/01/2019

Red Meat Intake and Cardiometabolic and Cancer Outcomes

24. Turner-McGrievy GM, Davidson CR, Wingard EE, et al. Compar-
ative effectiveness of plant-based diets for weight loss: a randomized
controlled trial of five different diets. Nutrition. 2015;31:350-8.
[PMID: 25592014] doi:10.1016/j.nut.2014.09.002

25. Yaskolka Meir A, Tsaban G, Zelicha H, et al. A green-
Mediterranean diet, supplemented with Mankai duckweed, pre-
serves iron-homeostasis in humans and is efficient in reversal of
anemia in rats. J Nutr. 2019;149:1004-11. [PMID: 30915471] doi:10
.1093/jn/nxy321

26. Higgins JP, Altman DG, Getzsche PC, et al; Cochrane Bias Meth-
ods Group. The Cochrane Collaboration's tool for assessing risk of
bias in randomised trials. BMJ. 2011;343:d5928. [PMID: 22008217]
doi:10.1136/bmj.d5928

27. Akl EA, Johnston BC, Alonso-Coello P, et al. Addressing dichot-
omous data for participants excluded from trial analysis: a guide for
systematic reviewers. PloS One. 2013 Feb 25;8(2):e57132.

28. Evidence Partners. CLARITY 2014 risk of bias tool for cohort stud-
jes. Accessed at https://www.evidencepartners.com/wp-content
/uploads/2014/02/Tool-to-Assess-Risk-of-Bias-in-Cohort-Studies.doc
on 3 August 2019.

29. Hartung J, Knapp G. A refined method for the meta-analysis of
controlled clinical trials with binary outcome. Stat Med. 2001;20:
3875-89. [PMID: 11782040]

30. IntHout J, loannidis JP, Borm GF. The Hartung-Knapp-Sidik-
Jonkman method for random effects meta-analysis is straightforward
and considerably outperforms the standard DerSimonian-Laird
method. BMC Med Res Methodol. 2014;14:25. [PMID: 24548571]
doi:10.1186/1471-2288-14-25

31. Sarwar N, Gao P, Seshasai SR, et al; Emerging Risk Factors Col-
laboration. Diabetes mellitus, fasting blood glucose concentration,
and risk of vascular disease: a collaborative meta-analysis of 102 pro-
spective studies. Lancet. 2010;375:2215-22. [PMID: 20609967] doi:
10.1016/50140-6736(10)60484-9

32. GLOBOCAN. Estimated cancer incidence, mortality and preva-
lence worldwide in 2012. Accessed at http://globocan.iarc.fr on 3
August 2019.

33. Ferlay J, Soerjomataram |, Dikshit R, et al. Cancer incidence
and mortality worldwide: sources, methods and major patterns
in GLOBOCAN 2012. Int J Cancer. 2015;136:E359-86. [PMID:
25220842] doi:10.1002/ijc.29210

34. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsis-
tency in meta-analyses. BMJ. 2003;327:557-60. [PMID: 12958120]
35. Guyatt GH, Oxman AD, Vist G, et al. GRADE guidelines: 4. Rating
the quality of evidence—study limitations (risk of bias). J Clin Epide-
miol. 2011;64:407-15. [PMID: 21247734] doi:10.1016/j.jclinepi
.2010.07.017

36. Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rat-
ing the quality of evidence—imprecision. J Clin Epidemiol. 2011;64:
1283-93. [PMID: 21839614] doi:10.1016/j.jclinepi.2011.01.012

37. Guyatt GH, Oxman AD, Kunz R, et al; GRADE Working Group.
GRADE guidelines: 7. rating the quality of evidence—inconsistency.
J Clin Epidemiol. 2011;64:1294-302. [PMID: 21803546] doi:10.1016
/j.jclinepi.2011.03.017

38. Guyatt GH, Oxman AD, Kunz R, et al; GRADE Working Group.
GRADE guidelines: 8. rating the quality of evidence—indirectness.
J Clin Epidemiol. 2011;64:1303-10. [PMID: 21802903] doi:10.1016
/j.jclinepi.2011.04.014

39. Guyatt GH, Oxman AD, Montori V, et al. GRADE guidelines: 5.
Rating the quality of evidence—publication bias. J Clin Epidemiol.
2011;64:1277-82. [PMID: 21802904] doi:10.1016/j.jclinepi.2011.01
011

40. Benassi-Evans B, Clifton PM, Noakes M, et al. High protein-high
red meat versus high carbohydrate weight loss diets do not differ in
effect on genome stability and cell death in lymphocytes of over-
weight men. Mutagenesis. 2009;24:271-7. [PMID: 19264840] doi: 10
.1093/mutage/gep006

41. Davis CR, Hodgson JM, Woodman R, et al. A Mediterranean diet
lowers blood pressure and improves endothelial function: results
from the MedLey randomized intervention trial. Am J Clin Nutr.
2017;105:1305-13. [PMID: 28424187] doi:10.3945/ajcn.116.146803

Annals.org


https://www.wcrf.org/dietandcancer
https://www.wcrf.org/dietandcancer
https://www.gov.uk/government/publications/the-eatwell-guide
https://www.gov.uk/government/publications/the-eatwell-guide
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=74074
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=74074
https://www.wcrf.org/sites/default/files/english.pdf
https://www.wcrf.org/sites/default/files/english.pdf
https://www.evidencepartners.com/wp-content/uploads/2014/02/Tool-to-Assess-Risk-of-Bias-in-Cohort-Studies.doc
https://www.evidencepartners.com/wp-content/uploads/2014/02/Tool-to-Assess-Risk-of-Bias-in-Cohort-Studies.doc
http://globocan.iarc.fr
http://www.annals.org

Red Meat Intake and Cardiometabolic and Cancer Outcomes

42. de Lorgeril M, Salen P, Martin JL, et al. Mediterranean diet, tra-
ditional risk factors, and the rate of cardiovascular complications af-
ter myocardial infarction: final report of the Lyon Diet Heart Study.
Circulation. 1999;99:779-85. [PMID: 9989963]

43. de Mello VD, Zelmanovitz T, Azevedo MJ, et al. Long-term effect
of a chicken-based diet versus enalapril on albuminuria in type 2
diabetic patients with microalbuminuria. J Ren Nutr. 2008;18:440-7.
[PMID: 18721739] doi:10.1053/.jrn.2008.04.010

44. Griffin HJ, Cheng HL, O'Connor HT, et al. Higher protein diet for
weight management in young overweight women: a 12-month ran-
domized controlled trial. Diabetes Obes Metab. 2013;15:572-5.
[PMID: 23279557] doi:10.1111/dom.12056

45. Assaf AR, Beresford SA, Risica PM, et al. Low-fat dietary pattern
intervention and health-related quality of life: the Women's Health
Initiative randomized controlled dietary modification trial. J Acad
Nutr Diet. 2016;116:259-71. [PMID: 26384466] doi:10.1016/j.jand
.2015.07.016

46. Chlebowski RT, Aragaki AK, Anderson GL, et al. Low-fat dietary
pattern and breast cancer mortality in the Women's Health Initiative
randomized controlled trial. J Clin Oncol. 2017;35:2919-26. [PMID:
28654363] doi:10.1200/JC0O.2016.72.0326

47. Gamba CS, Stefanick ML, Shikany JM, et al. Low-fat diet and skin
cancer risk: the Women's Health Initiative randomized controlled di-
etary modification trial. Cancer Epidemiol Biomarkers Prev. 2013;22:
1509-19. [PMID: 23697610] doi:10.1158/1055-9965.EPI-13-0341
48. Howard BV, Manson JE, Stefanick ML, et al. Low-fat dietary pat-
tern and weight change over 7 years: the Women's Health Initiative
dietary modification trial. JAMA. 2006;295:39-49. [PMID: 16391215]
49. Howard BV, Van Horn L, Hsia J, et al. Low-fat dietary pattern and
risk of cardiovascular disease: the Women's Health Initiative random-
ized controlled dietary modification trial. JAMA. 2006;295:655-66.
[PMID: 16467234]

50. Howard BV, Curb JD, Eaton CB, et al. Low-fat dietary pattern and
lipoprotein risk factors: the Women's Health Initiative dietary modifi-
cation trial. Am J Clin Nutr. 2010;91:860-74. [PMID: 20164311] doi:
10.3945/ajcn.2009.28034

51. Jiao L, Chen L, White DL, et al. Low-fat dietary pattern and pan-
creatic cancer risk in the Women's Health Initiative dietary modifica-
tion randomized controlled trial. J Natl Cancer Inst. 2018;110. [PMID:
28922784] doi:10.1093/jnci/djx117

52. Neuhouser ML, Howard B, Lu J, et al. A low-fat dietary pattern
and risk of metabolic syndrome in postmenopausal women: the
Women's Health Initiative. Metabolism. 2012;61:1572-81. [PMID:
22633601] doi:10.1016/j.metabol.2012.04.007

53. Prentice RL, Thomson CA, Caan B, et al. Low-fat dietary pattern
and cancer incidence in the Women's Health Initiative dietary mod-
ification randomized controlled trial. J Natl Cancer Inst. 2007;99:
1534-43. [PMID: 17925539]

54. Prentice RL, Aragaki AK, Van Horn L, et al. Low-fat dietary pattern
and cardiovascular disease: results from the Women's Health Initia-
tive randomized controlled trial. Am J Clin Nutr. 2017;106:35-43.
[PMID: 28515068] doi:10.3945/ajcn.117.153270

55. Thomson CA, Van Horn L, Caan BJ, et al. Cancer incidence and
mortality during the intervention and postintervention periods of the
Women's Health Initiative dietary modification trial. Cancer Epide-
miol Biomarkers Prev. 2014;23:2924-35. [PMID: 25258014] doi:10
.1158/1055-9965.EPI-14-0922

56. Tinker LF, Bonds DE, Margolis KL, et al; Women's Health Initia-
tive. Low-fat dietary pattern and risk of treated diabetes mellitus in
postmenopausal women: the Women's Health Initiative randomized

Annals.org

Downloaded from https://annals.org by University of Washington user on 10/01/2019

REVIEW

controlled dietary modification trial. Arch Intern Med. 2008;168:
1500-11. [PMID: 18663162] doi:10.1001/archinte.168.14.1500

57. Hunninghake DB, Maki KC, Kwiterovich PO Jr, et al. Incorpora-
tion of lean red meat into a National Cholesterol Education Program
Step | diet: a long-term, randomized clinical trial in free-living per-
sons with hypercholesterolemia. J Am Coll Nutr. 2000;19:351-60.
[PMID: 10872897]

58. Lanza E, Yu B, Murphy G, et al; Polyp Prevention Trial Study
Group. The polyp prevention trial continued follow-up study: no ef-
fect of a low-fat, high-fiber, high-fruit, and -vegetable diet on ade-
noma recurrence eight years after randomization. Cancer Epidemiol
Biomarkers Prev. 2007;16:1745-52. [PMID: 17855692]

59. Murphy KJ, Thomson RL, Coates AM, et al. Effects of eating fresh
lean pork on cardiometabolic health parameters. Nutrients. 2012;4:
711-23. [PMID: 22852059] doi:10.3390/nu4070711

60. Poddar KH, Ames M, Hsin-Jen C, et al. Positive effect of mush-
rooms substituted for meat on body weight, body composition, and
health parameters: a 1-year randomized clinical trial. Appetite. 2013;
71:379-87. [PMID: 24056209] doi:10.1016/j.appet.2013.09.008

61. Design of the Women's Health Initiative clinical trial and obser-
vational study. The Women's Health Initiative Study Group. Control
Clin Trials. 1998;19:61-109. [PMID: 9492970]

62. de Lorgeril M, Renaud S, Mamelle N, et al. Mediterranean alpha-
linolenic acid-rich diet in secondary prevention of coronary heart dis-
ease. Lancet. 1994,343:1454-9. [PMID: 7911176]

63. Bassler D, Briel M, Montori VM, et al; STOPIT-2 Study Group.
Stopping randomized trials early for benefit and estimation of treat-
ment effects: systematic review and meta-regression analysis. JAMA.
2010;303:1180-7. [PMID: 20332404] doi:10.1001/jama.2010.310
64. Carrasco-Labra A, Deviji T, Lytvyn L, et al. Minimally important
difference estimates and assessment of their credibility for patient-
reported outcomes in adults: a systematic survey. Abstracts of the
Global Evidence Summit, Cape Town, South Africa. Cochrane Data-
base Syst Rev. 2017;(9 Suppl 1). https://doi.org/10.1002/14651858
.CD201702

65. Johnston BC, Seivenpiper JL, Vernooij RWM, et al. The philoso-
phy of evidence-based principles and practice in nutrition. Mayo Clin
Proc Innov Qual Outcomes. 2019;3:189-99. [PMID: 31193887] doi:
10.1016/j.mayocpiqo.2019.02.005

66. Solyakov A, Skog K. Screening for heterocyclic amines in chicken
cooked in various ways. Food Chem Toxicol. 2002;40:1205-11.
[PMID: 12067585]

67. Wretling S, Eriksson A, Eskhult G, Larsson B. Polycyclic aromatic
hydrocarbons (PAHs) in Swedish smoked meat and fish. J Food
Compost Anal. 2010;23:264-72.

68. Sinha R, Peters U, Cross AJ, et al. Meat, meat cooking methods
and preservation, and risk for colorectal adenoma. Cancer Res.
2005;65:8034-41. [PMID: 16140978]

69. Sun X, Briel M, Busse JW, et al. Subgroup Analysis of Trials Is
Rarely Easy (SATIRE): a study protocol for a systematic review to char-
acterize the analysis, reporting, and claim of subgroup effects in ran-
domized trials. Trials. 2009;10:101. [PMID: 19900273] doi:10.1186
/1745-6215-10-101

70. Beresford SA, Johnson KC, Ritenbaugh C, et al. Low-fat dietary
pattern and risk of colorectal cancer: the Women's Health Initiative
randomized controlled dietary modification trial. JAMA. 2006;295:
643-54. [PMID: 16467233]

71. Inoue-Choi M, Sinha R, Gierach GL, et al. Red and processed
meat, nitrite, and heme iron intakes and postmenopausal breast can-
cer risk in the NIH-AARP Diet and Health Study. Int J Cancer. 2016;
138:1609-18. [PMID: 26505173] doi:10.1002/ijc.29901

Annals of Internal Medicine 1


https://doi.org/10.1002/14651858.CD201702
https://doi.org/10.1002/14651858.CD201702
http://www.annals.org

Current Author Addresses: Ms. Zeraatkar, Ms. Bartoszko, Drs.
Sadeghirad and Guyatt, and Ms. Perdomo: Department of
Health Research Methods, Evidence, and Impact, McMaster
University, 1280 Main Street West, Hamilton, Ontario L8S 4K1,
Canada.

Dr. Johnston: Department of Community Health and Epidemi-
ology, Dalhousie University, Centre for Clinical Research,
Room 404, 5790 University Avenue, Halifax, Nova Scotia, B3H
1V7, Canada.

Dr. Cheung: 114 Loganberry Crescent, Toronto, Ontario M2H
3H1, Canada.

Dr. Bala: Jagiellonian University Medical College, 7 Kopernika
Street, 31-034 Krakéw, Poland.

Ms. Valli and Drs. Rabassa and Alonso-Coello: Iberoamerican
Cochrane Centre, Instituto de Investigacion Biomédica de
Sant Pau (II1B Sant Pau-CIBERESP), Carrer de Sant Antoni Maria
Claret 167, Barcelona 08025, Spain.

Dr. Sit: University of British Columbia, 107-1165 West 13th
Avenue, Vancouver, British Columbia V6H 1N4, Canada.

Mr. Milio: 592 Regal Place, Waterloo, Ontario N2V 2G3,
Canada.

Dr. Agarwal: Department of Medicine, University of Toronto,
Suite RFE 3-805, 200 Elizabeth Street, Toronto, Ontario M5G
2C4, Canada.

Ms. Zea: Clinica Las Americas, Diagonal 75B, North 2A-80/
140, Medellin, Colombia.

Mr. Lee: 30 White Lodge Crescent, Richmond Hill, Ontario
L4C 9A1, Canada.

Dr. Han: Department of Preventive Medicine, College of Med-
icine, Chosun University, 309 Philmun-daero, Dong-gu,
Gwangju 61452, Korea.

Dr. Vernooij: Department of Research, Netherlands Compre-
hensive Cancer Organisation, Godebaldkwartier 419, Utrecht
3511 DT, the Netherlands.

Dr. El Dib: Institute of Science and Technology, Sdo José dos
Campos, Avenida Engenheiro Francisco José Longo, 777,
Jardim Sao Dimas, Sado Paulo 12245-000, Brazil.

Annals.org

Downloaded from https://annals.org by University of Washington user on 10/01/2019

Author Contributions: Conception and design: D. Zeraatkar,
B.C. Johnston, M.M. Bala, P. Alonso-Coello, G.H. Guyatt, R. El
Dib.

Analysis and interpretation of the data: D. Zeraatkar, B.C.
Johnston, M.M. Bala, M. Rabassa, D. Sit, M.A. Han, P. Alonso-
Coello, G.H. Guyatt, R. El Dib.

Drafting of the article: B.C. Johnston, R. El Dib.

Critical revision of the article for important intellectual con-
tent: D. Zeraatkar, B.C. Johnston, M.M. Bala, D. Sit, B.
Sadeghirad, AM. Zea, Y. Lee, M.A. Han, RW.M. Vernooij, P.
Alonso-Coello, G.H. Guyatt, R. El Dib.

Final approval of the article: D. Zeraatkar, B.C. Johnston, J.
Bartoszko, K. Cheung, M.M. Bala, C. Valli, M. Rabassa, D. Sit,
K. Milio, B. Sadeghirad, A. Agarwal, A.M. Zea, Y. Lee, M.A.
Han, R.W.M. Vernooij, P. Alonso-Coello, G.H. Guyatt, R. El Dib.
Provision of study materials or patients: B.C. Johnston, R. El
Dib.

Administrative, technical, or logistic support: D. Zeraatkar,
B.C. Johnston, R. El Dib.

Collection and assembly of data: D. Zeraatkar, B.C. Johnston,
J. Bartoszko, K. Cheung, M.M. Bala, C. Valli, M. Rabassa, D. Sit,
K. Milio, B. Sadeghirad, A. Agarwal, A.M. Zea, Y. Lee, M. Han,
R.W.M. Vernooij, R. El Dib.

Appendix Figure. Evidence search and selection.

Records identified through Additional records identified
database searches through other sources
(n=22873) (n=14)

Records after duplicates removed (n =13 190)

1
Records screened
(n=13190)

Records excluded
(n=11683)

Full-text articles assessed
for eligibility (n = 1507)

Full-text articles excluded
(n=1483)

Study design not eligible: 810
> Population not eligible: 35
Intervention not eligible: 422
Did not report an eligible

outcome: 216

1
12 unique trials eligible
based on 24 articles

Annals of Internal Medicine


http://www.annals.org

