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Background: Dietary guidelines generally recommend limiting
intake of red and processed meat. However, the quality of evi-
dence implicating red and processed meat in adverse health
outcomes remains unclear.

Purpose: To evaluate the association between red and pro-
cessed meat consumption and all-cause mortality, cardiometa-
bolic outcomes, quality of life, and satisfaction with diet among
adults.

Data Sources: EMBASE (Elsevier), Cochrane Central Register of
Controlled Trials (Wiley), Web of Science (Clarivate Analytics),
CINAHL (EBSCO), and ProQuest from inception until July 2018
and MEDLINE from inception until April 2019, without language
restrictions, as well as bibliographies of relevant articles.

Study Selection: Cohort studies with at least 1000 participants
that reported an association between unprocessed red or pro-
cessed meat intake and outcomes of interest.

Data Extraction: Teams of 2 reviewers independently extracted
data and assessed risk of bias. One investigator assessed cer-
tainty of evidence, and the senior investigator confirmed the
assessments.

Data Synthesis: Of 61 articles reporting on 55 cohorts with
more than 4 million participants, none addressed quality of life
or satisfaction with diet. Low-certainty evidence was found that a
reduction in unprocessed red meat intake of 3 servings per week
is associated with a very small reduction in risk for cardiovascular
mortality, stroke, myocardial infarction (MI), and type 2 diabetes.
Likewise, low-certainty evidence was found that a reduction in
processed meat intake of 3 servings per week is associated with
a very small decrease in risk for all-cause mortality, cardiovascu-
lar mortality, stroke, MI, and type 2 diabetes.

Limitation: Inadequate adjustment for known confounders, re-
sidual confounding due to observational design, and recall bias
associated with dietary measurement.

Conclusion: The magnitude of association between red and
processed meat consumption and all-cause mortality and ad-
verse cardiometabolic outcomes is very small, and the evidence
is of low certainty.
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Growing evidence shows an increased risk for cardio-
metabolic disease associated with the consumption

of red and processed meat. Although previous systematic
reviews reported positive associations between red meat
intake and all-cause mortality (1), cardiovascular mortality
(2), and stroke (3) and between processed meat con-
sumption and all-cause mortality (1, 4), cardiovascular
mortality (2), stroke (3), coronary heart disease (5), and
type 2 diabetes (5), results have not been consistent. One
review did not find an association between unprocessed
red meat and all-cause mortality (4), and another found
no association with cardiovascular disease (5). Although
Aune and colleagues (6) reported a relationship between
red meat intake and type 2 diabetes, Micha and col-
leagues (5) did not detect this association in a review pub-
lished 1 year later.

Methodological limitations in previous reviews in-
cluded failure to address risk of bias of primary studies
(for example, references 3 and 6), lack of evaluation of
certainty of evidence (for example, references 2 to 6),
and failure to consider the magnitude of observed ef-
fect (for example, references 2 to 6). These limitations
may have affected the credibility of recommendations
issued by governments and authoritative organizations
regarding red and processed meats.

As part of NutriRECS (Nutritional Recommenda-
tions and accessible Evidence summaries Composed of
Systematic reviews), a new initiative to establish trust-
worthy dietary recommendations that meet internation-
ally accepted standards for guideline development, we
developed guidelines addressing red and processed
meat consumption (7). To inform these recommenda-
tions, we conducted 5 systematic reviews of the evi-
dence (8–11). Here, we present results from a system-
atic review of cohort studies addressing the association
between red and processed meat consumption and all-
cause mortality, cardiometabolic outcomes, quality of
life, and satisfaction with diet among adults.
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METHODS
We registered a protocol for this review at

PROSPERO (CRD42017074074) in August 2017.

Data Sources and Search Strategy
An experienced research librarian developed the

search strategy, which was used across all supporting
reviews except the one addressing public values and
preferences (Supplement 1, available at Annals.org).
We searched MEDLINE, EMBASE (Elsevier), Cochrane
Central Register of Controlled Trials (Wiley), Web of
Science (Clarivate Analytics), CINAHL (EBSCO), and
ProQuest from inception. We also reviewed reference
lists of relevant systematic reviews. The final search of
all databases included references up to July 2018, ex-
cept for the MEDLINE search, which included refer-
ences up to April 2019.

Study Selection
We included cohort studies in any language that

enrolled at least 1000 adults, compared participants
consuming different amounts of unprocessed red meat
or processed meat, and reported on 1 or more of our
outcomes of interest. Red meat and processed meat
were defined, respectively, as mammalian meat and
white or red meat preserved by smoking, curing, salt-
ing, or adding chemical compounds (for example, hot
dogs, charcuterie, sausage, ham, and deli meats) (12).
We also included studies comparing vegetarians with
nonvegetarians for sensitivity analyses. Our outcomes
of interest were determined in consultation with our
guideline panel—which comprised members of the pub-
lic, clinicians, epidemiologists, and methodologists—and
include all-cause mortality, cardiovascular mortality (or fa-
tal coronary heart disease or fatal myocardial infarction
[MI]), cardiovascular disease (or coronary heart disease),
stroke, MI, type 2 diabetes, anemia, quality of life, and
satisfaction with diet. For studies reporting on ischemic
and hemorrhagic stroke separately, we included results
only for ischemic stroke in our meta-analyses (13).

Cohorts in which more than 20% of the sample was
younger than 18 years, had a noncardiometabolic dis-
ease (such as cancer), or was pregnant at baseline were
excluded. We also excluded studies in which diet was
assessed before adulthood, participants were asked to
recall their diet before adulthood, or dietary assess-
ments were completed by proxies, as well as studies
that reported on specific components of red meat
(such as iron or fat) or specific types of red meat (such
as lamb). However, we did include studies reporting on
beef–pork combinations because beef and pork account
for most red meat intake in most Western populations
(14, 15). If we encountered more than 1 eligible article on
the same exposure and cohort and addressing the same
outcome, we included results only from the study with the
longest follow-up. If the follow-up was the same, we chose
the study with the most participants.

Pairs of reviewers completed calibration exercises,
after which they performed screening independently
and in duplicate, with disagreements resolved by dis-
cussion or through third-party adjudication by an ex-

pert research methodologist. Screening was done in 2
stages: First, the reviewers assessed titles and ab-
stracts; then, for those deemed potentially eligible,
they evaluated the full-text articles.

Data Extraction and Quality Assessment
Using standardized, pilot-tested forms, reviewers

completed calibration exercises and worked in pairs to
independently extract the following information from
eligible studies: cohort characteristics (such as cohort
name and country), participant characteristics (includ-
ing age and proportion who were female), diet charac-
teristics (such as frequency and quantity of consump-
tion of unprocessed red meat or processed meat), and
outcomes (including absolute and relative effect mea-
sures for outcomes of interest and measures of variabil-
ity). Disagreements between pairs of extractors were
resolved through discussion or by third-party adjudica-
tion by an expert research methodologist.

Reviewers, working independently and in dupli-
cate, assessed each study's risk of bias by using the
CLARITY (Clinical Advances Through Research and In-
formation Translation) risk-of-bias instrument for cohort
studies, omitting an item related to co-interventions
that was not relevant to our review (16). Disagreements
were resolved through discussion or by third-party adju-
dication. Research methodologists and nutrition research-
ers were consulted to confirm the appropriateness of the
CLARITY instrument and to advise us regarding criteria for
evaluating each of its items. The instrument and detailed
guidance are presented in Supplement Table 1 (available
at Annals.org). Studies rated as high risk of bias on 2 or
more of the 7 domains were considered to have a high
overall risk of bias. This threshold, although somewhat ar-
bitrary, represents a compromise between excessive
stringency and leniency.

Data Synthesis and Analysis
We conducted separate analyses for unprocessed

red meat, processed meat, and mixed unprocessed red
and processed meat. If an article reported on red meat
and did not specify whether it was processed or unpro-
cessed, we assumed that it included both unprocessed
and processed red meat. We included such studies in
the analysis of mixed unprocessed red and processed
meat because most processed meat is typically con-
sumed as red meat (17, 18).

For our primary analyses, we conducted a random-
effects dose–response meta-analysis using methods
proposed by Greenland and Longnecker (19) and
Orsini and colleagues (20). These methods require
knowledge of the distribution of events and number of
participants or person-years and mean or median
quantity of intake across categories of exposure. When
results from studies were analyzed across quantiles of
intake but person-years or number of participants was
not reported within each quantile, we estimated these
values by using figures reported for the total popula-
tion and dividing the total person-years or total number
of participants by the number of quantiles. For studies
reporting effect estimates stratified by participant char-
acteristics (such as sex), we meta-analyzed across sub-
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groups by using the fixed-effects model. For studies
that treated the exposure as a continuous predictor in a
logistic regression and did not present categorical
analyses, we calculated a regression coefficient based
on the relative effect reported and meta-analyzed these
regression coefficients with effects from other studies
obtained via the estimation method described by
Greenland and Longnecker (19). These studies were
excluded from the nonlinear analyses. For analyses in-
cluding 5 or more studies, we tested for nonlinearity by
using restricted cubic splines with knots at 10%, 50%,
and 90% and a Wald-type test. For analyses in which we
observed statistically significant nonlinear associations,
we present results from the nonlinear model.

For studies reporting the intake of red meat or pro-
cessed meat as a range of values, we assigned the mid-
point of upper and lower boundaries in each category
as the average intake. If the highest or lowest category
was open ended, we assumed that the open-ended in-
terval was the same size as the adjacent interval. For
studies reporting exposure as number of servings, we
assumed that each serving of unprocessed red meat
was equal to 120 g; processed meat, 50 g; and mixed
unprocessed red and processed meat, 100 g. These
serving sizes were selected for comparability with those
used in other systematic reviews, as well as to reflect
serving sizes used by the U.S. Department of Agricul-
ture and United Kingdom Food Agency (1–3, 21–25).
We report results corresponding to the effects of a re-
duction in unprocessed red or processed meat intake
of 3 servings per week.

We used the dosresmeta package in R, version
3.5.1 (R Foundation for Statistical Computing), for
our dose–response meta-analyses (26). Further details
about these meta-analyses, including sample code, are
presented in Supplement 2 (available at Annals.org).

As a secondary analysis, we used the Hartung–
Knapp–Sidik–Jonkman approach to calculate pooled
relative effects, comparing the lowest category of expo-
sure in each study with the highest one (27, 28). We
also present results using a random-effects meta-
analysis with the restricted maximum likelihood estima-
tor. In these analyses, we also included studies compar-
ing vegetarians with nonvegetarians. For studies that
treated the exposure as a continuous predictor in logis-
tic regression models and did not present categorical
analyses, we converted relative effect estimates from
the logistic regression model to correspond to a differ-
ence in intake of 1 serving per day—which was the dif-
ference observed most often between lowest and high-
est categories of consumption across studies—and used
them in our meta-analyses. We used the metafor pack-
age in R (version 3.5.1) for these secondary analyses
(29).

Because all outcomes of interest were rare (<10%
event rate) within included studies for all analyses, we
assumed that odds ratios and hazard ratios were similar
to estimates of relative risk. We quantified heterogene-
ity using the I2 statistic and interpreted the magnitude
of heterogeneity according to guidelines from the Co-
chrane Handbook for Systematic Reviews of Interven-

tions (0% to 40%, low; 30% to 60%, moderate; 50% to
90%, substantial; 75% to 100%, considerable) (30). We
also visually inspected forest plots for consistency,
given that I2 statistics may be artificially inflated when
effect estimates from primary studies are very pre-
cise—as was the case in many of our analyses (31). For
all meta-analyses with at least 10 studies, we used the
Egger test to look for small study effects (32).

We conducted a priori specified meta-regressions
to test for differences among studies at higher versus
lower risk of bias. For analyses with a statistically signif-
icant subgroup effect based on risk of bias, we present
results only for studies at lower risk of bias. We had also
planned to conduct subgroup analyses on the effects of
red versus white processed meat and the effects of red
meat consumption in iron-deficient populations, as well
as a sensitivity analysis on the robustness of results to
incomplete outcome data (33). However, we could not
complete these additional analyses because of insuffi-
cient information reported in the primary studies.

Certainty of Evidence
One investigator assessed certainty of evidence by

using the GRADE (Grading of Recommendations As-
sessment, Development and Evaluation) approach for
each outcome, and the senior investigator confirmed
the assessments (34). According to GRADE, observa-
tional studies start at low certainty and may be down-
graded for risk of bias, inconsistency, indirectness, im-
precision, or publication bias and may be upgraded for
large effect, if suspected biases work against the
observed direction of effect, or for dose–response
gradient. To calculate absolute effects presented in
summary-of-findings tables, we used population risks
from the Emerging Risk Factors Collaboration to calcu-
late risk differences associated with a reduction in red
meat intake of 3 servings per week (35). The Emerging
Risk Factors Collaboration is a consortium of 102 inter-
national cohorts, primarily from North America and
western Europe, including mostly middle-aged to older
adults who are omnivores.

Role of the Funding Source
This review received no external funding or other

support.

RESULTS
Study Selection

Supplement Figure 1 (available at Annals.org)
presents study selection details. A total of 62 articles
including 56 cohorts proved eligible. One article did
not provide sufficient quantitative information for meta-
analysis (36). The quantitative analysis included 61 re-
ports of 55 cohorts (4.2 million participants). Thirty-one
cohort studies (2.2 million participants) were eligible
for inclusion in the dose–response meta-analyses.

Study Characteristics
We found 20 articles (30 cohorts) addressing all-

cause mortality; 18 (28 cohorts), cardiovascular mortal-
ity; 9 (7 cohorts), cardiovascular disease; 6 (7 cohorts),

Red Meat and Risk for All-Cause Mortality and Cardiometabolic Outcomes REVIEW

Annals.org Annals of Internal Medicine 3

Downloaded from https://annals.org by University of Exeter user on 10/15/2019

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


fatal and nonfatal stroke; 8 (11 cohorts), fatal stroke; 1
(1 cohort), fatal and nonfatal MI; 1 (1 cohort), nonfatal
MI; 24 (25 cohorts), type 2 diabetes; and 1 (1 cohort),
anemia (Supplement Table 2, available at Annals.org).
We found no publications reporting on nonfatal stroke,
fatal MI, quality of life, or satisfaction with diet.

Eighteen cohorts were from North America (United
States and Canada), 21 from Europe, 15 from Asia, and
1 from the Middle East. The number of participants in
each cohort ranged from 1757 to 536 969. Participants
ranged in age from 17 to 92 years, with most cohorts
recruiting those aged 40 to 50 years. Follow-up ranged
from 2 to 28 years. Authors of 8 articles disclosed intel-
lectual, financial, or personal conflicts of interest. All
studies were funded by governmental bodies, with
some receiving additional support from not-for-profit
organizations.

Risk of Bias
Supplement Tables 3 through 11 (available at

Annals.org) present risk-of-bias assessments. The pro-
portion of studies with high overall risk of bias varied
on the basis of outcome: 10 of 31 studies for all-cause
mortality, 17 of 22 for cardiovascular mortality, 3 of 8
for cardiovascular disease, 3 of 7 for fatal and nonfatal
stroke, 10 of 13 for fatal stroke, 1 of 1 for fatal and

nonfatal MI, 0 of 1 for nonfatal MI, 15 of 27 for type 2
diabetes, and 0 of 1 for anemia. The most common
limitations in the studies were a lack of periodic re-
peated evaluation of dietary intake with a measure val-
idated for red and processed meat and inadequate ad-
justment for potential confounders.

Reduction of 3 Servings per Week of
Unprocessed Red Meat

Table 1 presents results of the possible effect of a
reduction in unprocessed red meat intake of 3 servings
per week. Details are presented in Supplement Table
12 (available at Annals.org). Results showed a very
small apparent effect on cardiovascular mortality, fatal
and nonfatal stroke, fatal stroke, fatal and nonfatal MI,
and type 2 diabetes, but not all-cause mortality or car-
diovascular disease. We found evidence of a subgroup
difference between studies at higher and those at
lower risk of bias for type 2 diabetes (P < 0.001), so we
present results from studies with a lower risk of bias.
We did not find evidence of publication bias for type 2
diabetes.

The certainty of evidence was downgraded from
low to very low for all-cause mortality and cardiovascu-
lar disease because CIs around absolute effect esti-

Table 1. Summary of Findings for Unprocessed Red Meat Intake (Reduction of 3 Servings per Week) and Risk for
Cardiometabolic Outcomes

Outcome Studies,
n

Participants,
n

Follow-up,
y

RR (95% CI) Population
Risk per 1000
Persons Over
10.8 y*

Risk Difference
per 1000
Persons (95%
CI)

GRADE Certainty of
Evidence

Plain-Language
Summary

All-cause mortality 8 893 436 9–28 0.93 (0.87–1.00) 113 −8 (0 to −15) Very low due to observational
design, imprecision†‡

We are uncertain of the
effects of unprocessed
red meat on all-cause
mortality.

Cardiovascular
mortality

7 874 896 9–28 0.90 (0.88–0.91) 41 −4 (−5 to −4) Very low due to observational
design, risk of bias§

We are uncertain of the
effects of unprocessed
red meat on
cardiovascular
mortality.

Cardiovascular
disease

3 191 803 8–26 0.95 (0.85–1.06) 76 −3 (−11 to 5) Very low due to observational
design, imprecision��

We are uncertain of the
effects of unprocessed
red meat on
cardiovascular disease.

Stroke (fatal and
nonfatal)

6 254 742 12–26 0.94 (0.90–0.98) 19 −1 (0 to −2) Low due to observational
design

Reduction in unprocessed
red meat may have little
or no effect on stroke.

Fatal stroke 3 671 259 Median,
5.5−15.6

0.94 (0.89–0.99) 1 0 Very low due to observational
design, risk of bias¶

We are uncertain of the
effects of unprocessed
red meat on fatal
stroke.

MI (fatal and
nonfatal)

1 55 171 Median, 13.6 0.93 (0.87–0.99) 36 −3 (0 to −5) Very low due to observational
design, risk of bias**

We are uncertain of the
effects of unprocessed
red meat on MI.

Type 2 diabetes†† 6 293 869 5–28 0.90 (0.88–0.92) 56 −6 (−7 to −4) Low due to observational
design

Reduction in unprocessed
red meat may result in a
very small decrease in
type 2 diabetes.

GRADE = Grading of Recommendations Assessment, Development and Evaluation; MI = myocardial infarction; RR = relative risk.
* Based on the Emerging Risk Factors Collaboration, which comprises 102 cohorts including 698 782 participants, with a median follow-up of 10.8 y
(5th/95th percentile: 2.8–25.6 y). Numbers of events accrued are 78 853, 28 964, 52 765, 13 113, 768, 24 848, and 38 851 for all-cause mortality,
cardiovascular mortality, cardiovascular disease, fatal and nonfatal stroke, fatal stroke, fatal and nonfatal MI, and type 2 diabetes, respectively.
† CI around absolute effect includes both appreciable benefit and no appreciable benefit.
‡ I2 = 96.0%; P for Q test < 0.001. However, the evidence was not downgraded for inconsistency because overlap exists between CIs of most
studies.
§ Four of 7 studies are at high risk of bias due to lack of periodic repeated measurement of diet and inadequate adjustment for confounders.
�� CI around absolute effect includes both appreciable benefit and harm.
¶ Two of 3 studies are at high risk of bias due to assessment of exposure only at baseline for more than 10 y of follow-up and inadequate adjustment
for confounders.
** Study at high risk of bias due to assessment of diet only at baseline for >10 y of follow-up and inadequate adjustment for confounders.
†† We found a statistically significant difference between studies at high risk and those at low risk of bias. Here, we report results from studies at low risk.
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mates included appreciable benefit as well as no effect
or appreciable harm. The certainty of evidence for car-
diovascular mortality, fatal stroke, and fatal and nonfa-
tal MI was downgraded to very low because of the lack
of periodic repeated measurement of diet and inade-
quate adjustment for potential confounders in the pri-
mary studies.

Reduction of 3 Servings per Week of
Processed Meat

Table 2 presents results of the possible effect of a
reduction in processed meat intake of 3 servings per
week. Details are presented in Supplement Table 13
(available at Annals.org). Results show a very small ap-
parent effect on all-cause mortality, cardiovascular mor-
tality, fatal and nonfatal stroke, fatal stroke, fatal and
nonfatal MI, and type 2 diabetes, but not cardiovascular
disease. We found evidence of a nonlinear association
between processed meat intake and type 2 diabetes
(P < 0.001), with a decrease from 3 to 0 servings per
week associated with a very small reduced risk for type
2 diabetes (Figure). We found no evidence of publica-
tion bias for type 2 diabetes.

The certainty of evidence was downgraded to very
low for cardiovascular mortality, fatal stroke, fatal and
nonfatal MI, and type 2 diabetes because of a lack of
periodic repeated measurement of diet and inade-
quate adjustment for potential confounders in the pri-

mary studies, as well as for type 2 diabetes because of
substantial statistical heterogeneity.

Reduction of 3 Servings per Week of Mixed
Unprocessed Red and Processed Meat

Supplement Table 14 (available at Annals.org)
presents results of the possible effect of a reduction in
intake of mixed unprocessed red and processed meat
of 3 servings per week. Details are presented in Sup-
plement Table 15 (available at Annals.org). Results
show a small to very small apparent effect on all-cause
mortality, cardiovascular mortality, cardiovascular dis-
ease, fatal and nonfatal stroke, fatal stroke, fatal and
nonfatal MI, and type 2 diabetes, but not on nonfatal MI
or anemia. We found evidence of a subgroup differ-
ence between studies at higher and those at lower risk
of bias for all-cause mortality (P = 0.002) and type 2
diabetes (P = 0.027), so we present results only from
studies at lower risk of bias. We found evidence of a
nonlinear association between intake of mixed unpro-
cessed red and processed meat and all-cause mortality
(P = 0.037), with a reduction from 3 to 0 servings per
week associated with a small decrease in risk (Supple-
ment Figure 2, available at Annals.org). We found no
evidence of publication bias for type 2 diabetes.

The certainty of evidence was downgraded to very
low for cardiovascular mortality, fatal stroke, and fatal
and nonfatal MI because of a lack of periodic repeated

Table 2. Summary of Findings for Processed Red Meat Intake (Reduction of 3 Servings per Week) and Risk for
Cardiometabolic Outcomes

Outcome Studies,
n

Participants,
n

Follow-up,
y

RR (95% CI) Population
Risk per 1000
Persons Over
10.8 y*

Risk Difference
per 1000
Persons (95%
CI)

GRADE Certainty of
Evidence

Plain-Language
Summary

All-cause mortality 8 1 241 900 9–28 0.92 (0.87–0.96) 113 −9 (−15 to −5) Low due to observational
design†

Reduction in processed
meat may result in a
very small decrease in
all-cause mortality.

Cardiovascular
mortality

7 1 240 634 9–28 0.90 (0.84–0.97) 41 −4 (−7 to −1) Very low due to observational
design, risk of bias‡§

We are uncertain of the
effects of processed
meat on cardiovascular
mortality.

Cardiovascular
disease

3 200 421 8–26 0.97 (0.87–1.09) 76 −2 (−10 to 7) Low due to observational
design��

Reduction in processed
meat may have little or
no effect on
cardiovascular disease.

Stroke (fatal and
nonfatal)

6 254 742 12–26 0.94 (0.90–0.98) 19 −1 (0 to −2) Low due to observational
design

Reduction in processed
meat may have little or
no effect on stroke.

Fatal stroke 2 571 378 15–16 0.95 (0.92–0.98) 1 0 Very low due to observational
design, risk of bias¶

We are uncertain of the
effects of processed
meat on fatal stroke.

MI (fatal and
nonfatal)

1 55 171 Median,
13.6

0.94 (0.91–0.98) 36 −2 (−3 to −1) Very low due to observational
design, risk of bias**

We are uncertain of the
effects of processed
meat on MI.

Type 2 diabetes 14 669 530 5–28 0.78 (0.72–
0.84)††

56 −12 (−16 to −9) Very low due to observational
design, risk of bias,
inconsistency‡‡§§

We are uncertain of the
effects of processed
meat on type 2
diabetes.

GRADE = Grading of Recommendations Assessment, Development and Evaluation; MI = myocardial infarction; RR = relative risk.
* Based on the Emerging Risk Factors Collaboration, which comprises 102 cohorts including 698 782 participants, with a median follow-up of 10.8 y
(5th/95th percentile: 2.8–25.6 y). The numbers of events accrued are 78 853, 28 964, 52 765, 13 113, 768, 24 848, and 38 851 for all-cause mortality,
cardiovascular mortality, cardiovascular disease, fatal and nonfatal stroke, fatal stroke, fatal and nonfatal MI, and type 2 diabetes, respectively.
† I2 = 87.4%; P for Q test < 0.001. However, the evidence was not downgraded for inconsistency because overlap exists between CIs of most studies.
‡ Four of 7 studies at high risk of bias, primarily because of a lack of periodic repeated measurement of diet and inadequate adjustment for confounders.
§ I2 = 84.9%; P for Q test < 0.001. However, the evidence was not downgraded for inconsistency because overlap exists between CIs of most studies.
�� I2 = 59.6%; P for Q test = 0.098. However, the evidence was not downgraded for inconsistency because overlap exists between CIs of studies.
¶ Two of 2 studies had high risk of bias due to lack of periodic repeated measurement of diet and inadequate adjustment for confounders.
** Study had high risk of bias due to measurement of diet only at baseline for >10 y of follow-up and inadequate adjustment for confounders.
†† Nonlinear relationship. Effect estimate presented represents reduction in intake from 3 to 0 servings per week.
‡‡ Nine of 14 studies had high risk of bias, primarily due to lack of periodic repeated measurement of diet and inadequate adjustment for confounders.
§§ I2 = 54.5%; P for Q test < 0.001.
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measurement of diet and inadequate adjustment for
potential confounders in the primary studies.

Comparison of Extreme Categories of Intake
Results from meta-analyses comparing extreme

categories of intake were generally consistent with the
findings from our dose–response meta-analyses, al-
though effect sizes typically were smaller than those
from dose–response meta-analyses (Supplement Ta-
bles 16 to 18, available at Annals.org).

DISCUSSION
We found low- to very-low-certainty evidence that

reducing unprocessed red meat intake by 3 servings
per week is associated with a very small reduction in
risk for cardiovascular mortality, stroke, MI, and type 2
diabetes. Likewise, we found low- to very-low-certainty
evidence that a reduction in processed meat intake is
associated with a small to very small reduction in risk
for all-cause mortality, cardiovascular mortality, stroke,
MI, and type 2 diabetes. The magnitude of apparent
effect of processed meat consumption on adverse car-
diometabolic outcomes was somewhat greater than
that observed for unprocessed red meat.

According to the GRADE system, the certainty of ev-
idence may be upgraded if evidence suggests a dose–
response relationship between the exposure and the out-
comes of interest. Although we found evidence for dose–
response relationships, we did not upgrade the certainty
of evidence because of the possibility that red and pro-
cessed meat consumption may be correlated with other
dietary components, which may then confound their rela-
tionship to health outcomes (37). Support for this concern
comes from a parallel systematic review in which we
found the magnitude of association between dietary pat-
terns lower versus higher in red and processed meat and
adverse cardiometabolic outcomes to be very similar to

the estimates found in this review (10). If red meat and
processed meat were indeed the primary drivers of the
association between diet and adverse cardiometabolic
outcomes, we would anticipate stronger associations in
our analyses of red and processed meat compared with
dietary patterns (7).

Strengths of this review include the prespecification
of our methods in the review protocol and the inclusion of
a large number of cohorts and participants. We con-
ducted both linear and nonlinear dose–response meta-
analyses, which provide the most compelling evidence for
the association between red and processed meat con-
sumption and health outcomes, in addition to secondary
analyses comparing extreme categories of intake. Results
from our dose–response analyses are presented for a re-
alistic reduction of 3 servings per week, which corre-
sponds to the elimination of red and processed meat
from the typical North American and western European
diet based on the average intake of these foods in these
populations (38–40). We assessed risk of bias and, when
results differed, based our estimates on studies with lower
versus higher risk of bias. Finally, we used the GRADE
approach to rate the certainty of evidence.

In evaluating risk of bias of the primary studies, we
assessed whether studies adjusted for a set of impor-
tant potential confounders for each outcome. However,
our results are limited by the potential for residual
confounding or measurement error in confounders. In
addition, studies varied in their choice of adjustment
variables. All included studies measured diet via recall-
based methods, primarily food-frequency question-
naires, which are subject to measurement error that can
both attenuate and overestimate observed associations
(41, 42). Although food-frequency questionnaires may
provide reliable information on relative intake, substan-
tial error regarding absolute intake may compromise
dose–response meta-analyses that rely on these esti-
mates (41). We could not assess the effects of reduced
intake of red meat and processed meat on the basis
which foods were consumed in their place, and the as-
sociated health effects of these alternative food choices
may differ.

Half the studies in our review did not report suffi-
cient information to be included in the dose–response
meta-analyses (19, 20). Nonetheless, we are more con-
fident in our results from these meta-analyses because
they account for differences in gradients of intake
across cohorts (43). In secondary analyses comparing
extreme categories of intake, studies omitted from
dose–response meta-analyses produced smaller effect
estimates. The reason may be that studies that could
not be included in dose–response meta-analyses had a
higher risk of bias and typically measured diet with
methods not validated for red and processed meat and
did not repeat diet measurements throughout the
study; hence, they may have underestimated the asso-
ciation between red and processed meat and adverse
cardiometabolic health outcomes.

We could not conduct 3 additional analyses that
we had planned—a subgroup analysis on the effects of
red versus white processed meat, a subgroup analysis
on the effects of red meat intake in iron-deficient pop-
ulations, and a sensitivity analysis to assess the robust-

Figure. Nonlinear association between processed meat
intake and type 2 diabetes.
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ness of results to loss to follow-up—because the pri-
mary studies did not report sufficient information (33).
We converted effect estimates reported in grams to
servings. Although we used typical serving sizes in our
conversions, our estimates may have been unreliable
(1–3, 21, 23–25).

Although we found no evidence of publication
bias, given the lack of standard registration practices
for observational studies, publication bias is possible.
In addition, none of the included studies had a priori
specified statistical analysis plans (44); therefore, ana-
lysts' modeling decisions may have been guided by the
possibility of obtaining interesting results.

Previous reviews reported similar positive associa-
tions between red and processed meat intake and all-
cause mortality, cardiovascular disease, stroke, MI, and
type 2 diabetes (1, 3–6). Similar to our work, other re-
views reported slightly stronger associations between
processed meat versus unprocessed red meat and ad-
verse health outcomes. We believe our review provides
the most up-to-date evidence on the topic and adds to
the existing literature by using a more rigorous evalua-
tion of risk of bias and by providing an assessment of
certainty of evidence. Our results, as well as those of
other reviews of observational studies, contrast with
findings from randomized trials, which have failed to
demonstrate an effect of lower red and processed meat
consumption on cardiometabolic outcomes (8).

Current dietary guidelines recommend limiting red
and processed meat consumption (25, 45). Our results,
however, demonstrate that the evidence implicating
red and processed meat in adverse cardiometabolic
outcomes is of low quality; thus, considerable uncer-
tainty remains regarding a causal relationship. More-
over, even if a causal relationship exists, the magnitude
of association between red and processed meat con-
sumption and cardiometabolic outcomes is very small.

Reducing the consumption of unprocessed red and
processed meat may result in a decrease in risk for car-
diometabolic disease and mortality. The magnitude of ab-
solute effect, if indeed it exists, is very small, and the cer-
tainty of evidence is low. Findings from our review raise
questions regarding whether—on the basis of possible ad-
verse effects on cardiometabolic outcomes—the evidence
is sufficient to recommend decreasing consumption of
red and processed meat.
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