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Prevailing dietary guidelines havewidely recommended diets relatively low in red and

processed meats and high in minimally processed plant foods for the prevention of

chronic diseases. However, an ad hoc research group called the Nutritional Recom-

mendations (NutriRECS) consortium recently issued “new dietary guidelines” encour-

aging individuals to continue their current meat consumption habits due to “low

certainty”oftheevidence,difficultyofalteringmeateaters’habitsandpreferences,and

the lack of need to consider environmental impacts of red meat consumption. These

recommendations are not justified, in large part because of the flawedmethodologies

used to review and grade nutritional evidence. The evidence evaluation was largely

basedontheGradingofRecommendations,Assessment,Development,andEvaluation

(GRADE) criteria, which are primarily designed to grade the strength of evidence for

clinical interventions especially pharmacotherapy. However, the infeasibility for

conducting large, long-term randomized clinical trials on most dietary, lifestyle, and

environmental exposuresmakes the criteria inappropriate in these areas. A separate

research group proposed a modified and validated system for rating the meta-

evidence on nutritional studies (NutriGRADE) to address several limitations of the

GRADE criteria. Applying NutriGRADE, the evidence on the positive association

between red and processed meats and type 2 diabetes was rated to be of “high

quality,”while theevidenceontheassociationbetween redandprocessedmeatsand

mortalitywas rated to be of “moderate quality.”Another important limitation is that

inadequate attentionwaspaid towhatmight be replacing redmeat, be itplant-based

proteins, refined carbohydrates, or other foods. In summary, the red/processedmeat

recommendations by NutriRECS suffer from important methodological limitations

and involve misinterpretations of nutritional evidence. To improve human and

planetary health, dietary guidelines should continue to emphasize dietary patterns

low in red and processed meats and high in minimally processed plant foods such as

fruits and vegetables, whole grains, nuts, and legumes.

Consumption of red meats (meats of mammalian origin including beef, pork, and

lamb)andprocessedmeats (meats transformedthroughsalting, curing, fermentation,

smoking, or other processes to enhance flavor or improve preservation) has been

increasing rapidly worldwide (1–3). These trends can have major health and

environmental consequences. Considerable evidence from long-term prospective

cohort studies has demonstrated that diets high in red and processed meats are

associated with increased risk of type 2 diabetes (T2D), cardiovascular disease (CVD),

cancer (particularly colorectal cancer), and all-cause mortality (4–6). Similarly, such

evidence alongwith the evidence fromshort-term intervention trials strongly suggests

that replacing red and processed meats with plant-based protein sources (including
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legumes and nuts), poultry, and seafood has

the potential to reduce risk of chronic dis-

eases and premature death (7–10,11). For

example, in two meta-analyses of random-

ized feeding trials (10,12), replacement of

red meat with nuts or legumes significantly

reduced total and LDL cholesterol. On the

environmental side, livestock production

(particularly ruminantanimals) contributes

the vast majority of the greenhouse gas

emissions attributable to the agricultural

sector,whichcomprises22%ofglobal total

emissions, and also leads to environmental

degradation by means of fertilizer run-off,

deforestation, and desertification (13).

Based on the cumulative evidence, the

majority of existing dietary guidelines, in-

cluding the Dietary Guidelines for Ameri-

cans 2015–2020 (14), recommend dietary

patternsrelatively lowinredandprocessed

meats and high in minimally processed

plant foods.Similarly,aconsensusreportof

the American Diabetes Association recom-

mends multiple dietary patterns for pre-

venting and managing T2D, most of which

emphasize modest or no consumption of

red or processedmeats (15). These include

the Dietary Approaches to Stop Hy-

pertension (DASH) (16), the traditional

Mediterranean-style diet (17), and vege-

tarian/plant-based regimens (2,9,18). The

American College of Cardiology/American

Heart Association Guideline on the Primary

Prevention of Cardiovascular Disease also

recommends consuming diets low in red

and processed meats (19). In 2015, the

International Agency for Research on Can-

cer (IARC) classified processed meats as a

Group 1 carcinogen for human colorectal

cancer, and red meat was classified as

probably carcinogenic to humans (Group

2A) based on a comprehensive review of

epidemiologic evidence, combined with

“strong mechanistic evidence supporting

a carcinogenic effect” (20). Based on the

review, the IARC has recommended re-

ducing consumption of red and processed

meats for cancer prevention.

However, a recent collection of system-

atic reviews and meta-analyses and ac-

companying dietary guidelines by the

“Nutritional Recommendations (NutriRECS)

consortium,” published in the Annals

of Internal Medicine (21–25), has chal-

lenged these recommendations. This group

also systematically reviewed health-related

values and preferences regarding red/pro-

cessed meat consumption (25) and con-

cluded that most people are generally

unwilling to alter their current meat

consumption habits. Contradicting both the

current dietary recommendations and some

of the findings of their own analyses, the

authors issued “new dietary guidelines”

that individuals should be advised to con-

tinue their currentmeat consumption habits

due to the “low certainty” of the evidence,

the weak associations, and the difficulty of

altering meat eaters’ habits and preferences.

Limitations of the GRADE System in

Evaluating Nutritional Evidence

A careful examination of these system-

atic reviews and meta-analyses and ac-

companying recommendations reveals

several serious weaknesses. First, the

analyses and recommendations were

largely based on the Grading of Recom-

mendations, Assessment, Development,

and Evaluation (GRADE) criteria (26).

Although the meta-analyses conducted

by the NutriRECS group found a signif-

icantly lower risk of total, CVD, and

cancer mortality, as well as lower in-

cidence of T2D for low versus high red

meat intakes and dietary patterns, this

evidence was rated low or very low

quality and thus dismissed by the au-

thors. While the GRADE approach is well

established for evaluating the efficacy of

clinical interventions, in particular phar-

macotherapy, it has serious limitations

when used to evaluate the efficacy of

most dietary, lifestyle, and environmen-

tal exposures. TheGRADEsystemratesall

observational studies (without clear dis-

tinction between their different types) as

offering a low degree of evidence be-

cause of their potential for confounding,

and instead considers randomized con-

trolled trials (RCTs) of hard end points to

be the pinnacle of evidence. Hence, even

if results from multiple lines of evidence

converge to support benefit, the lack of

RCTs of clinical outcomes will lead to the

majority of nutrition evidence being

graded as of “low quality.” However,

while RCTs are highly reliable in assessing

clinical interventions, especially pharma-

cotherapy, they have key limitations

when used to assess long-term dietary

or lifestyle factors. These include their

relatively short follow-up time, imprac-

ticality in the masking of treatment

groups, and low adherence to the as-

signed dietary interventions, particu-

larly in the long-term period that

should be required in primary preven-

tion trials to observe effects on hard

end points like heart disease or cancer

(27,28). Clearly, long-term RCTs are not

suitable for assessing the effects of many

important lifestyle and environmental

exposures (e.g., trans fat intake, second-

hand smoking, physical activity, and air

pollution) on disease outcomes. There-

fore, the GRADE system, heavily relying

on thedrug trial paradigm, is not adequate

for evaluating most nutritional evidence.

In addition to these general limita-

tions of the GRADE system, the methods

applied by the NutriRECS group in their

recent analyses involved several seem-

ingly arbitrary decisions. For example,

their assessment of risks of developing

T2D associated with reducing processed

meat consumption, based on 14 large

prospective cohort studies including

669,530 participants, demonstrated a

robustly significant association (relative

risk and 95%CI 0.78 (0.72–0.84) (29). The

authors downgraded their evidence rat-

ing for this outcome due to the presence

of significant heterogeneity as calculated

by the Cochran Q test (P, 0.001) and I2

statistic (54.5%). However, both of these

statistics are known to yield uninforma-

tive statistically significantfindingswith a

very large sample size and may detect

heterogeneity that is not meaningful for

causal interpretation.

In addition, statistical heterogeneity

with respect to the observed associations

may suggest true etiological differences

that shouldbeexamined in future research

rather than dismissed outright. For exam-

ple, heterogeneities could have arisen due

to differences in study populations (e.g.,

Asian vs. Western), baseline diet, and re-

placement food source (refined carbohy-

drates vs. other animal-based or plant-based

protein sources) (7–9,30).

The strengthofobservational evidence

should have been upgradedwhen there is

supporting evidence from RCTs on rele-

vant risk factors or biological mechanisms

or if observational studies satisfy multiple

Bradford Hill criteria (e.g., dose-response,

consistency across studies) (4,10,28). This

approach was alluded to but not applied

by the authors, despite findings of dose-

response relationships between red and

processed meat intake and well-accepted

risk factors such as LDL cholesterol.

Modifying GRADE for Nutritional

Studies: The NutriGRADE System

Previous studies have shown low reli-

ability of the GRADE system in assessing
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complex as opposed to simple interven-

tions or evidence from a combination of

observational studies and intervention

trials (31,32). Alternative approaches

such as that of the World Cancer Re-

search Fund (20), the Hierarchies of

Evidence Applied to Lifestyle Medicine

(HEALM) (27), and NutriGRADE (33) have

been developed to specifically evaluate

evidence from studies of nutritional and

lifestyle factors.

The NutriGRADE system is a modifi-

cationofGRADEdevelopedandvalidated

specifically to address some limitations

of the existing GRADE criteria (Table 1)

(33). The NutriGRADE scoring criteria

were found to have good agreement

between raters and reasonably high re-

liability when evaluating the quality of

evidence from nutritional intervention

trials and cohort studies (intraclass cor-

relation coefficient 0.81 (95% CI 0.69–

0.90). NutriGRADE evaluates several

unique attributes of nutritional studies,

including dietary assessment methods,

the potential for funding bias, the com-

parative value of using cohort studies

versus RCTs, and dose-response relation-

ships between dietary factors and health

outcomes. Applying the NutriGRADE cri-

teria to recent systematic reviews, the

evidence for the associationbetween red

and processed meats and development

of T2D was rated to be of “high quality”

(5), while that for the association be-

tween red and processed meats and

mortality was rated to be of “moderate

quality” (34). The NutriGRADE system,

which still requires furtherfine-tuning, or

similar systems as mentioned above,

should be more widely used in assessing

the strength of nutritional evidence.

Misinterpretation of the Women’s

Health Initiative as a Meat

Reduction Trial

In their assessment of existing RCTs

testing the effects of reducing consump-

tion of red or processed meats on hard

clinical end points, the NutriRECS group

correctly stated thatno such studieshave

ever been conducted. Nevertheless, they

used data from the Women’s Health

Initiative (WHI) to support their conclu-

sion that meat reduction had no signif-

icant effect on CVD or cancer (35). This

is a misinterpretation of the WHI data,

because the randomized dietary inter-

vention in WHI was a low-fat dietary

pattern rather than an intervention

aimed to reduce consumption of red or

processed meat. The overall achieved

difference in meat consumption was

quite small, only 1.4 fewer servings

per week at 3 years of follow-up, and

adherence to the low-fat dietary inter-

vention decayed substantially over time.

This decline in adherence was further

corroborated by a lack of difference in

cardiometabolic risk markers between

the two arms (36). Furthermore, the

potential benefits of this small reduction

in meat consumption could have been

counterbalancedby reductions in health-

ful fat intake from plant oils, nuts, or fish.

Despite inclusion of the WHI findings in

this review, other interventional studies

that included red meat reduction as a

component of a more general dietary

approach were excluded from the sys-

tematic review. Notably, the Lyon Diet

Heart Trial (37), the Prevención conDieta

Mediterránea (PREDIMED) study (17),

and ameta-analysis of eight RCTs assess-

ing replacement of saturated fat (pre-

dominantly found in meat and high-fat

dairy products) with polyunsaturated

fat (38) demonstrated clear reduction

of CVD risk, yet they were not included.

FoodPreferences as a Justification for

Continued Meat Consumption

The NutriRECS group’s mixed-methods

systematic review of health-related val-

ues and preferences regarding meat

consumption synthesized data from

13qualitative studies and41quantitative

studies (25). Evaluation by the GRADE

criteria indicated that themajority of the

studies had a high risk of bias and meth-

odological limitations. The qualitative

studies primarily used focus groups

and interviews with varying levels of

question structure, and the majority

were conducted in individuals who

self-identified as vegetarians. The quan-

titative studies used multiple choice

and rating scale questions and food-

frequency questionnaires to charac-

terize the attitudes and behaviors of

population subgroups ranging from

self-identified meat lovers to vegans.

The reliability and validity of the ques-

tionnaires were not addressed, and no

quantitative analyses were included in

the systematic review. The conclusion

that most people are attached to eating

meat and are unwilling to change this

behavior to avoid undesirable effects is

not justified. Systematically reviewing

studies considered to have high risk of

bias and methodological limitations will

not increase understanding of people’s

health-related values andpreferences on

meat consumption, which is the stated

intent for the review.Although individual

food preferences are useful for person-

alized nutritional advice, they should not

be considered as a major factor in de-

veloping dietary guidelines for health

promotion purposes.

Environmental Impact of Red Meat

Declared out of the Scope of the Meat

Guidelines

In making their recommendations, the

NutriRECS authors declared that the

scope of their report would not include

an assessment of the environmental

impacts of red and processed meat.

This represents a major missed oppor-

tunity to improve population health

given the large environmental impact

of red meat production and the inter-

relationships betweenhumanhealth and

planetary health. Climate change in the

form of rising ambient temperatures

(39), air pollution (40), and extreme

weather events (41) poses serious

threats to future human health, partic-

ularly among the most vulnerable pop-

ulations (42). Multiple lines of evidence

support an enormous potential bene-

fit to the environment by greater reliance

on plant-based protein sources (2). Envi-

ronmental benefits are closely inter-

twined with the consumption of red

and processed meats and should be

considered when making dietary recom-

mendations regarding optimal levels of

meat consumption.

TheRoleofProspectiveObservational

Studies in Nutritional Research and

Developing Dietary Guidelines

As noted earlier, the ideal randomized,

double-blind, placebo-controlled trial is

rarely feasible or ethical when evaluating

the effects of dietary and lifestyle factors

on long-term health outcomes (28). The

effects of nutritional factors on disease

and mortality risk often manifest over a

span of years to decades, compared with

the typically shorter span for drugs or

devices. Such long-term follow-up is ex-

tremely costly and long-term trials are

prone to increasing dropout rates and

steep declines in adherence to the
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Table 1—Comparison of the rating criteria betweenGRADEandNutriGRADE for assessing evidence fromsystematic reviews and

meta-analyses1

GRADE NutriGRADE

RCTs Observational studies RCTs Observational studies

Assessment criteria

Risk of bias 1) Random sequence

generation; 2) Allocation

concealment; 3) Blinding of

participants and researchers;

4) Blinding of outcome

assessment; 5) Incomplete

outcome data; 6) Selective

reporting; 7) Other biases

1) Exposed and

nonexposed cohorts from

same population; 2)

Confidence in exposure

assessment; 3) Outcome

of interest not present at

start of study; 4) Match or

adjusted for confounding

variables; 5) Confidence in

assessment of

confounding factors; 6)

Confidence in assessment

of outcome; 7) Follow-up

adequate

Same as GRADE, except blinding

of participants and researchers

cannot readily be achieved

1) Ascertainment of exposure

(criteria specific to type of

dietary assessment, i.e.,

validated food-frequency

questionnaire, diet-associated

biomarkers); 2) Basic and

outcome-relevant statistical

adjustments; 3) Assessment of

outcome; 4) Adequacy of

follow-up

Precision Number of cases (events),

sample size, and inspection of

the 95% CIs around the best

estimate of the absolute effect

Same as for RCTs Similar to GRADE, additional point

awarded for 1) 400–2,000

participants, but 95% CI excludes

the null value; 2) .2000

participants

Similar to GRADE, additional

point awarded for 1) $500

events and the 95% CI excludes

the null value; 2) $500 events,

but 95% CI overlaps the null

value (i.e., CI includes RR of 1.0),

and 95% CI excludes important

benefit (RRof,0.8) or harm (RR

of .1.2)

Consistency Similarity of point estimates

and the overlap of their

confidence intervals, as well as

statistical criteria for

heterogeneity (e.g., I2 and

Cochrane Q test)

Same as for RCTs Same as GRADE Same as GRADE

Directness No importantdifferences in the

population or intervention;

hard clinical outcome (vs.

surrogate marker)

Same as for RCTs Same as GRADE Same as GRADE

Publication

bias

1) Number of studies;

2) Evidence for publication

bias detected using funnel

plots or statistical tests (e.g.,

Egger, Begg-Mazumdar)

Same as for RCTs Same as GRADE Same as GRADE

Funding bias N/A N/A Higher points awarded for

academic or research institutions,

without industry funding or

significant conflicts of interest

Same as for RCTs

Criteria for

upgrading

N/A 1) Large magnitude of

effect (11 for RR .2

or ,0.5 or 12 for RR .5

or,0.2, in situations with

an effect); 2) Dose-

response gradient; 3)

Adjustment for any

potential residual

confounders would only

strengthen the observed

association

These criteria are imbedded in the

NutriGRADE scoring system,

including formoderate (11 for RR

or HR ,0.80–0.50 and .1.20–2

comparing extreme quantiles) or

large effect size (12 for RR or

HR ,0.5 or .2 comparing

extreme quantiles) and dose-

response analysis

Same as for RCTs

Continued on p. 269
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originally assigned intervention, as seen

in theWHI dietarymodification trial (35).

Therefore, most existing RCTs testing

nutritional interventions have examined

intermediate outcomes such as CVD risk

factors that can be more quickly ob-

served. Furthermore, while it is relatively

easy to achieve masking of the interven-

tion for both the participants and inves-

tigators in RCTs of drugs or devices, this is

seldom possible in dietary studies, po-

tentially resulting in further biases re-

lated to poor adherence and cross-over.

Identifying an appropriate control group

when assessing dietary factors or pat-

terns is particularly difficult, given that

the changes of consumption of foods and

nutrients and their medical consequen-

ces do not occur in isolation and also

depend heavily on the replacement food

or nutrient. This is readily seen in studies

on the health effects of saturated fat,

where replacement with polyunsatu-

rated fat confers a significant benefit

on developing coronary heart disease

and replacement with carbohydrates

does not (38,43). Moreover, relatively

limited funding is available to conduct

large-scale RCTs in nutrition, compared

to those for pharmaceuticals or devices

(44). Given all of these constraints, while

RCTs in nutritional science are desirable

when feasible, such RCTs are extremely

rare and the field of nutritional research

cannotdependon them.Well-conducted

prospective cohort studies, which are

considered the strongest observational

study design, are indispensable for this

purpose. Although confounding is a

threat to the validity of any observational

research, bias from confounding and

other sources can be limited through

judicious study design and careful sta-

tistical adjustment, while interpretation

can be assisted by corroborating evi-

dence from small-scale intervention tri-

als. In the future, maturation of electronic

medical records and other systems for

collecting and handling objective data

should assist in the design and conduct

of improved prospective observational

studies.

Consistent evidence from prospec-

tive cohort studies with hard clinical

end points and intervention trials with

intermediate outcomes is particularly

informative in inferring causality and

developing public health recommen-

dations. For example, epidemiologic

studies were instrumental in the identi-

fication of associations between trans

fat intake and increased risk of cardio-

vascular disease, and sugar-sweetened

beverages and increased risk of T2D,

consistent with the evidence from

short-term intervention studies showing

adverse effects of these dietary factors

on blood lipids and other cardiometa-

bolic risk factors (28,45,46). These find-

ings contributed substantially to the

evidence base for developing public

health recommendations and nutrition

policies for reducing intakes of trans fatty

acids and added sugars. In addition,

observational studies can and should

continue to play an important role in

identifying potentially harmful expo-

sures in the diet and the environment,

particularly when the exposures affect a

large segment of the population. For red

and processed meat, where substantial

and consistent evidence shows adverse

health outcomes and environmental im-

pacts, action is warranted to limit the

potential harms, despite the scarcity of

definitive evidence.

Conclusions

The “dietary guideline recommenda-

tions” by the NutriRECS consortium

suffer from multiple methodological

limitations and involve misinterpreta-

tions of nutritional evidence. These

recommendations are not justified by

current evidence and have led to con-

siderable confusion among health

professionals and the general public.

While more evidence regarding the

health effects of red and processed

meats is needed, the body of epidemio-

logic data showing their associations

with T2D, CVD, and cancer is large and

consistent. Meanwhile, short-term ran-

domized intervention trials have dem-

onstrated the benefits of replacing red

meat with plant protein sources in re-

ducing LDL cholesterol and other car-

diometabolic risk factors (10). For the

prevention and management of dia-

betes and other chronic diseases, it

is important to follow current nutri-

tional recommendations by the Ameri-

can Diabetes Association (15) and other

professional and governmental organi-

zations that allow for personalized

choices but also emphasize dietary pat-

terns high in minimally processed fruits

and vegetables, whole grains, nuts,

and legumes, while limiting red and

Table 1—Continued

GRADE NutriGRADE

RCTs Observational studies RCTs Observational studies

Criteria for

downgrading

1) Risk of bias; 2) Imprecision;

3) Inconsistency; 4)

Indirectness; 5) Publication

bias

Same as for RCTs These criteria are imbedded in the

NutriGRADE scoring system,

including formoderate (11 for RR

or HR ,0.80–0.50 and .1.20–2

comparing extreme quantiles) or

large effect size (12 for RR or

HR ,0.5 or .2 comparing

extreme quantiles) and dose-

response analysis

Same as for RCTs

Overall

assessment

Initially rated as high,

downgrade per above criteria

Initially rated as low,

upgrade or downgrade

per above criteria

Initial rating does not depend

explicitly on study design, only on

the overall score: 1) $8 points:

high; 2) 6–7.99 points: moderate;

3) 4–5.99 points: low; 4) 0–3.99

points: very low

Same as for RCTs

HR, hazard ratio; N/A, not applicable; RR, relative risk.
1
Original reference article for GRADE: (26); and for NutriGRADE: (33).
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processed meats, refined carbohydrates,

saturated fats, and sugar-sweetened bev-

erages. Although there is still some

uncertainty regarding current evidence,

we should not fall into the trap of de-

manding absolute proof before taking

publichealthactions.AsSirAustinBradford

Hill succinctly articulated nearly half a

century ago (47):

All scientific work is incompletedwhether

it be observational or experimental. All

scientific work is liable to be upset or

modified by advancing knowledge. That

does not confer upon us a freedom to

ignore the knowledge we already have, or

to postpone the action it appears to de-

mand at a given time.
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