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Popular scientific summary

* Pork, beef, and lamb are defined as red meat, while poultry (chicken and turkey) is considered
white meat.

* Processed meat refers to red or white meat preserved by smoking, curing, or fermenting, or by
the addition of salt and other preservatives.

* The total meat intake in the Nordic and Baltic countries ranges from about 100 to 200 g/day.

* Meat is a significant source of nutrients, such as protein, vitamins, minerals, and fatty acids,
while processed meat is also a large source of salt.

* High intake of red and processed meat is associated with increased risk of colorectal cancer,
coronary heart disease, stroke, and mortality from cardiovascular diseases.

 Evidence for an effect of poultry on the risk of chronic diseases is insufficient.

Abstract

Meat is not only a source of several nutrients but also a proposed risk factor for several non-communica-
ble diseases. Here, we describe the totality of evidence for the role of meat intake for chronic disease out-
comes, discuss potential mechanistic pathways, knowledge gaps, and limitations of the literature. Use of the
scoping review is based on a de novo systematic review (SR) and meta-analysis on the association between
poultry intake and cardiovascular disease (CVD) and type 2 diabetes (T2D), qualified SRs (as defined in
the Nordic Nutrition Recommendations 2023 project) on meat intake and cancer by the World Cancer
Research Fund (WCRF), the International Agency for Research on Cancer (IARC), and a systematic liter-
ature search of SRs and meta-analyses. The quality of the SRs was evaluated using a modified AMSTAR
2 tool, and the strength of evidence was evaluated based on a predefined criteria developed by the WCRF.
The quality of the SRs was on average critically low. Our findings indicate that the evidence is too limited
for conclusions for most of the chronic disease outcomes. However, findings from qualified SRs indicate
strong evidence that processed meat increases the risk of colorectal cancer and probable evidence that red
meat (unprocessed, processed, or both) increases the risk. The evidence suggests that both unprocessed
red meat and processed meat (also including processed poultry meat) are probable risk factors for CVD
mortality and stroke, and that total red meat and processed meat are risk factors for CHD. We found no
sufficient evidence suggesting that unprocessed red meat, processed red meat, total red meat, or processed
meat (including red and white meat) would be protective of any chronic disease. There was also no sufficient
evidence to conclude on protective effect of poultry on any chronic diseases; effects on the risk of CVD,
stroke, and T2D, to any direction, were regarded as unlikely.
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eat commonly refers to ‘red meat’ from pork, meat is a significant source of energy and several nutri-
beef, and lamb and to ‘white meat’ from ents. Red meat is not only a good source of, for exam-
chicken and turkey. In Western countries, red ple, protein and essential amino acids; vitamins B, B,
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B,, and B ,; iron; and zinc but also a notable source of
unfavorable saturated fatty acids (SFA). High intake of
red meat, unprocessed and processed, has been linked
to a higher risk of several major chronic diseases, such
as some cancers, cardiovascular diseases (CVDs), and
type 2 diabetes (T2D). Some proposed mechanisms for
this include the SFA and heme iron content in red meat.
The increased risks have been especially observed with
high intake of processed meat. Although meat is usu-
ally processed before it is consumed (by at least adding
salt and baking or frying), ‘processed meat’ generally
refers to a meat product that has been industrially
processed by adding, for example, sodium, nitrites, or
other preservatives or coloring agents, or by smoking,
drying, curing, or fermenting. The added substances or
substances formed during the meat processing (such as
polycyclic aromatic hydrocarbons, advanced glycation
end products, and heterocyclic aromatic amines) are
among the factors that have been suggested to contrib-
ute to the increased disease risk from high processed
meat intake. Absorption of iron is more efficient from
meat compared to plant-based sources. This is because
of the different form, heme iron, in meat compared
to plant-based sources, and because of inhibitors of
absorption in plant-based foods (1). On the other hand,
high content of heme iron has been linked with adverse
health outcomes, although the evidence is uncertain
(2-4). Compared to red meat, poultry consumption
is somewhat lower in Western countries (5), although
the consumption has increased in recent years in most
Nordic and Baltic countries (6). Poultry is a good source
of protein and essential amino acids, and vitamins B,
B,, B, and B, and it contains less SFA compared to
red meat. Less research data, compared to red and pro-
cessed meat, exist on the association of poultry intake
with health. The existing data indicate mainly no
association or in some cases inverse association with
disease risk.

The aim of this scoping review is to describe the
totality of evidence for the role of meat intake for
chronic disease outcomes as a basis for setting and
updating the food-based dietary guidelines in the
Nordic Nutrition Recommendations (NNR) 2023 (7)
(Box 1).

Methods

This scoping review follows the protocol developed within
the NNR2023 project (7). The sources of evidence used
in this review follow the eligibility criteria described pre-
viously (8).

The evidence for the associations of poultry consump-
tion with CVD and T2D is based on a de novo systematic
review (SR) commissioned by NNR2023 (7, 9). Qualified
SRs on the association between meat and the majority of
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Box 1. Background papers for Nordic Nutrition Recommendations
2023

* This paper is one of many scoping reviews com-
missioned as part of the Nordic Nutrition
Recommendations 2023 (NNR2023) project (7)

* The papers are included in the extended NNR2023
report, but, for transparency, these scoping reviews
are also published in Food & Nutrition Research

* The scoping reviews have been peer reviewed by inde-
pendent experts in the research field according to the
standard procedures of the journal

» The scoping reviews have also been subjected to pub-
lic consultations (see report to be published by the
NNR2023 project)

* The NNR2023 committee has served as the edito-
rial board

* While these papers are a main fundament, the
NNR2023 committee has the sole responsibility for set-
ting dietary reference values in the NNR2023 project

the most common cancer sites were available by the World
Cancer Research Fund/American Institute of Cancer
Research (WCRF/AICR) (red meat (unprocessed or
combined unprocessed and processed depending on the
cancer site), processed meat, and poultry) and by the
International Agency for Research on Cancer (IARC)
(red meat (unprocessed or combined unprocessed and
processed depending on the cancer site) and processed
meat) (3, 10, 11). The results of the associations between
meat and cancer sites that WCRF reviewed in 2018 but
did not find sufficient evidence to make conclusions are
not included in the table of included studies (Table 1) but
can be found from the webpages of WCRF (https://www.
werf.org/diet-activity-and-cancer/risk-factors/meat-fish-
dairy-and-cancer-risk/). The results of the associations
between meat and those cancer sites for which WCRF
has concluded on the strength of evidence are presented
in Table 1 along with other included studies. The conclu-
sions of IARC are reported in the text but not in the table
because of the narrative nature of the IARC monograph.

To review the association between meat intake and
other health outcomes, we performed a literature search
on 13 September 2021 in PubMed and 29 October 2021
in Web of Science. The search string for PubMed search
was (meat[MeSH Terms] OR meats[MeSH Terms]) AND
(“20117[Date - Publication] : “3000”[Date - Publication])
AND humans[Filter] AND (systematic review[Publication
Type] OR meta-analysis[Publication Type]). The search
string for Web of Science search was “(ALL=((meat OR
meats OR beef OR lamb OR mutton OR pork OR poul-
try))) AND ALL=(systematic review OR meta-analysis)
and Review Articles (Document Types)” in the following
Web of Sciencecategories: Respiratory System or Allergy or
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Gerontology or Integrative Complementary Medicine
or Geriatrics Gerontology or Pediatrics or Behavioral
Sciences or Obstetrics Gynecology or Clinical Neurology
or Neurosciences or Rheumatology or Hematology
or Peripheral Vascular Disease or Immunology or
Orthopedics or Medicine Research Experimental or
Surgery or Psychiatry or Cardiac Cardiovascular Systems
or Gastroenterology Hepatology or Endocrinology
Metabolism or Oncology or Medicine General Internal
or Nutrition Dietetics. Additional relevant articles were
found in PubMed. ‘Similar articles’ list and reference
lists of umbrella SRs found in the PubMed and Web of
Science searches.

Altogether 716 SRs were retrieved, whose titles and
abstracts were reviewed for relevance. Altogether 153 SRs
on meat intake and health outcomes were found. From the
153, the most recent and highest quality articles on each
of the outcomes were referred to in this scoping review
(n = 25, Table 1). Additionally, four of the SR:s were
included in the section Mechanisms because they studied
intermediate outcomes, for example, inflammation mark-
ers or blood lipids, but not disease outcomes. Articles not
included in the review are described in Supplementary
Table 1 (n = 124).

The quality of the SRs included in the review and derived
from the literature search was evaluated using a modified
AMSTAR 2-NNR tool (7, 17). The criteria for the ratings
were as follows (YES = meets the criteria, NO = does not
meet the criteria): High confidence: all critical domains
YES, < 2 non-critical domains NO; Moderate confidence:
all critical domains YES, > 3 non-critical domains NO;
Low confidence: 1 critical domain NO, < 2 non-critical
domains NO; Critically low: > 2 or more critical domains
NO independent of non-critical domains, OR 1 critical
domains NO and > 2 non-critical domains NO.

The critical domains of the tool concerned proto-
col registration, comprehensiveness of literature search,
adequacy of risk of bias assessment, appropriate statis-
tical methods, accounting risk of bias in interpretation
of the results, and investigation of publication bias. The
strength of evidence per outcome (with positive or neg-
ative association with meat intake) was evaluated based
on predefined criteria developed by WCRF described by
Arnesen et al. (18). The strength of evidence was not eval-
uated when there was no association between meat intake
and an outcome, but it was reported if a qualified SR or
the de novo SR included evaluation of such associations.
A summary of the strength of evidence evaluations is pre-
sented in Table 2.

In the literature, categorization of meat types varied.
The most common meat categories were unprocessed
red meat, processed red meat, total red meat (including
unprocessed and processed red meat), processed meat
(including processed red meat and poultry), and poultry.

Citation: Food & Nutrition Research 2024, 68: 10538 - http://dx.doi.org/10.292 1 9/fnrv68.10538
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When in an SR, unprocessed red meat and processed red
meat were analyzed separately, the possible combined
results of total red meat were not considered unless the
evidence was substantially stronger for total red meat.
Similarly, combined red and processed meat results were
reported only if results from more refined categories were
unavailable.

The number of cases included in an SR/meta-analysis
was reported (in text and in Table 1) for each analysis if it
was traceable from the publication. Otherwise, the num-
ber of participants was reported instead.

Diet intake in Nordic and Baltic countries

The average reported meat intake varies between the
Nordic and Baltic countries, roughly between 100 and 200
g/day, with significant variation also in the within-coun-
try mean intakes (5). Of the total meat intake, red meat
accounts for the majority of the intake, with poultry
intake being usually several times lower. Poultry intake
in the Nordic countries has, however, increased in recent
years (6). The mean intakes of any meat in all countries
are higher in men than in women. However, the differ-
ences in reporting and definition of meat between the
countries make comparisons difficult. There are also no
data for comparing national average intake of processed
meat separately from total red meat.

Health outcomes relevant for Nordic and Baltic
Countries

Overall CVD and coronary heart disease

One meta-analysis found that lower intakes of both
unprocessed red meat and processed meat were associ-
ated with modestly lower risk of CVD mortality (unpro-
cessed red meat: § studies/389,528 participants; processed
meat: 9 studies/478,128 participants) when compared
to higher intakes (19) (Table 1). The associations were
found only in the studies with low risk of bias. There was
evidence for significant heterogeneity but mainly in the
studies with high risk of bias (unprocessed red meat: 4
studies/301,788 participants; processed meat: 5 stud-
ies/408,839 participants). No associations or evidence
of heterogeneity was found with overall CVD incidence
risk (unprocessed red meat: 4 studies/65,736 partici-
pants; processed meat: 4 studies/69,186 participants).
The results were relatively similar in the dose-response
analyses for a reduction of 3 servings/wk of unprocessed
or processed meat (Table 1).

A meta-analysis by Bechthold et al. (20) found that
higher intakes of both total red meat (3 cohorts/6,659
cases) and processed meat intake (5 cohorts/7,038 cases)
were associated with higher risk of coronary heart dis-
ease (CHD), without evidence of heterogeneity. Although
Bechthold et al. (20) found significant non-linearity for
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Table 2. Strength of evidence per meat type and per chronic disease outcome™

Processed meat (incl. red

Chronic disease outcome  Unprocessed red meat Processed red meat Total red meat and white meat) Poultry
Total mortality Limited — Suggestive T Limited — Suggestive T Limited — Suggestive T
Cardiovascular disease Limited — Limited — Limited —
No conclusion T No conclusion T No conclusion

Cardiovascular disease Probable T Probable T Probable: no effect
mortality
Coronary heart disease Probable T Probable T Limited —

No conclusion
Stroke Probable T Probable T Probable T Limited —

No conclusion
Stroke mortality Limited- Limited — Probable: no effect

Myocardial infarction

Heart failure

Hypertension

Type 2 diabetes

Total cancer incidence and
mortality

Colorectal cancer

Lung cancer

Nasopharyngeal
Pancreatic

Esophageal

Stomach

No conclusion T
Limited —

No conclusion T

Limited —

No conclusion T
Limited —

No conclusion T
Limited —

No conclusion T
Probable T

Limited —

No conclusion T

Limited — Suggestive T
Limited —

No conclusion T

Limited — Suggestive T

Limited — Suggestive T
Limited — Suggestive T

No conclusion T

Limited —

No conclusion T
Limited — Suggestive T
Limited —

No conclusion T

Limited — Suggestive T

Convincing T
Limited — Suggestive T

Limited — Suggestive T
Limited — Suggestive T
Limited — Suggestive T

Limited — Suggestive T

Limited —
No conclusion T

Probable: no effect

Limited —

No conclusion

Limited —

No conclusion ¥

Limited — No
conclusion

The upward pointing arrows refer to evidence of increased risk by increased intake, whereas the downward pointing arrows refer to evidence of
decreased risk by increased intake. Lack of arrow refers to evidence of a lack of association. Evaluated based on the criteria of the World Cancer

Research Fund.

*For outcomes that do not appear in the table and for the empty cells in the table, strength of evidence has not been evaluated because of no asso-
ciation between the meat type and the outcome or limited number or complete lack of studies. The strength of evidence for the lack of association
was not evaluated, but those evaluated by Ramel et al. (Food & Nutrition Research, 2023) have been included (for associations between poultry and

cardiovascular disease outcomes and T2D) (9).

the association between total red meat and CHD, that
particular analysis was based only on two cohort studies.
Processed meat increased the risk of CHD by 27% and of
stroke by 17% per each 50 g/day increase in intake (20).
Although not with significant non-linearity, the risk for
CHD seemed to increase the most on lower intake levels
(up to less than 15 g/day).

A meta-analysis in a de novo SR (commissioned by
the NNR2023 project) found no association between
poultry meat intake (unprocessed and processed) and
CVD mortality (6 studies/1,158,411 participants) (9).
Heterogeneity between the studies was low. There were
too few studies for meta-analyses on poultry intake and
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CVD or CHD incidences. The primary studies showed
no association for CVD incidence (1 study) and inverse
association (1 study) or no association (1 study) for
CHD incidence.

Based on the evidence from several cohort studies with
low risk of bias, little evidence for significant heterogene-
ity, and evidence for biological plausibility (please see sec-
tion Mechanisms), the strength of evidence is regarded as
probable that higher unprocessed red meat and processed
meat intake are risk factors for CVD mortality, and total
red meat, and processed meat are risk factors for CHD
(Table 2). Based on the limited number of studies with low
risk of bias, the strength of evidence is regarded as limited
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—no conclusion that high intake of unprocessed red meat
or processed meat is a risk factor for overall CVD.

As assessed in the de novo SR, substantial effects of
poultry meat intake on CVD incidence or mortality were
regarded as unlikely.

Myocardial infarction

One meta-analysis investigated the association between
lower intake of unprocessed red meat and processed meat
with myocardial infarction and found one prospective
cohort study (19). The cohort study (55,171 participants)
suggested that lower intakes of both unprocessed red
meat and processed meat were associated with modestly
lower risk of myocardial infarction.

Based on the limited number of studies, the strength of
evidence is regarded as limited — no conclusion that higher
unprocessed red meat intake or processed meat intake is a
risk factor for myocardial infarction.

Stroke

In the meta-analysis by Zeraatkar et al. (19), lower intake
of unprocessed red meat (any stroke: 6 cohorts/102,024
participants; fatal stroke: 3 cohorts/671,259 participants)
and processed meat (any stroke: 6 cohorts/101,861; fatal
stroke: 2 studies/571,378 participants) was associated
with a modestly lower risk of any stroke and fatal stroke
(19). There was little evidence of heterogeneity.

Similar findings were observed in a meta-analysis by
Bechthold et al., who found a higher risk of any stroke
with higher intake of total red meat (7 cohorts/10,541
cases) or processed meat (6 cohorts/9,492 cases) (20). For
the risk of stroke, each 100 g/day increase in total red
meat intake increased the risk by 15%. Most studies were
considered to have a low risk of bias. There was heteroge-
neity only for processed meat and only in a dose-response
analysis, not in the analysis of extreme categories. In the
dose-response analysis, the association with processed
meat intake was mainly found in the studies conducted in
the USA, with no significant heterogeneity, but not in the
European studies.

The de novo SR by Ramel et al. found only two pri-
mary studies on the association between poultry meat
and stroke incidence, which was too few to be combined
in meta-analyses (9). One of the primary studies found a
lower incidence with higher poultry intake and the other
found no association. The risk of bias in the studies
was moderate or serious. The same SR found two pri-
mary studies (with moderate risk of bias) that did not
find association between poultry meat intake and stroke
mortality.

Based on the moderate number of studies with low risk
of bias, no evidence for unexplained heterogeneity, and
with evidence for biologic plausibility, the strength of evi-
dence is regarded as probable that higher unprocessed red
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meat, total red meat, and processed meat intake are risk
factors for any stroke. Based on the limited number of
studies with low risk of bias, the strength of evidence is
regarded as limited — no conclusion for fatal stroke.

As assessed in the de novo SR, the strength of evidence
is regarded as limited — no conclusion for poultry meat
and stroke incidence and mortality.

Heart failure

Bechthold et al. observed a higher risk of heart failure with
higher intake of total red meat (5 cohorts/9,229 cases) and
processed meat (3 cohorts/7,077 cases), although there
was evidence for non-linearity (20). No heterogeneity was
observed for either of the meat types.

Another meta-analysis also found a higher risk of heart
failure with higher intake of processed meat (5 cohorts)
but did not find an association with unprocessed red meat
intake (5 cohorts) (21). There was evidence of heterogene-
ity in the analyses with processed meat intake, which was
mainly explained by the geographic location. The asso-
ciation with increased risk was stronger in the European
studies than in the US studies.

Based on the moderate number of studies with little
evidence for unexplained heterogeneity and with evi-
dence for biological plausibility, the strength of evidence
is regarded as limited — suggesting that higher intake of
total red meat and processed meat is a risk factor for heart
failure.

Hypertension

Meta-analyses of prospective cohort studies found
an increased risk of hypertension with higher unpro-
cessed red meat and processed red meat intakes (both
meat types: 5 cohorts/23,854 cases (22), total red meat
intake: 7 cohorts/97,745 cases (23), and poultry intake: 6
cohorts/14,739 cases (22)). All the associations were with
significant unexplained heterogeneity, and the directions
of the associations were not always consistent.

Based on the significant unexplained heterogeneity and
inconsistent findings, the strength of evidence is regarded
as limited — no conclusion that red meat (whether unpro-
cessed or processed), processed meat, or poultry increases
the risk of hypertension.

Type 2 diabetes

A meta-analysis of prospective cohort studies found a
reduced risk of T2D with lower intake of unprocessed red
meat (12 cohorts/>211,467 participants) and processed
meat (19 cohorts/>25,032 participants) (19). Zeraatkar
et al. (19) found that the reduction of unprocessed red
meat by 3 serving/week (1 serving = 120 g) reduced the risk
of T2D by approximately 10%, which equals to approxi-
mately 20% reduction in risk by 100 g/day reduction in
intake, assuming linear association between the intake and
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the risk. The association was stronger in low risk of bias
studies (n = 8) and with no heterogeneity for unprocessed
red meat, but the association was weaker for processed red
meat with unexplained between-study heterogeneity (19).
Another meta-analysis (14 cohorts) also found a higher
risk of T2D with higher combined unprocessed and pro-
cessed red meat (45,702 cases) and processed meat (43,781
cases) intakes, but with significant unexplained between-
study heterogeneity (24). Schwingshackl et al. found a
17% increase in risk of T2D for each 100 g/day increase in
total red meat intake (24).

A meta-analysis of seven studies (388,283 participants)
in the de novo SR by Ramel et al. found no association
between total poultry meat intake (unprocessed and pro-
cessed) and risk of T2D (9). There was significant unex-
plained heterogeneity between the studies. Two of the
primary studies investigated unprocessed and processed
poultry meat separately (25, 26). The results were incon-
sistent for both meat types (unprocessed and processed
poultry): processed poultry meat was associated with
increased risk (1 study) or no risk (1 study), and unpro-
cessed poultry with decreased risk (1 study) or no risk
(1 study).

Despite the existing evidence on several low-risk-of-
bias cohort studies, dose-response association, and lack of
between-study heterogeneity, the lack of effect of red meat
on surrogate markers such as blood glucose or insulin con-
centrations, or a marker of insulin resistance (HOMA-IR)
in randomized controlled trials (RCTs) of mainly unpro-
cessed red meat (please see section 6: Mechanisms) led to
the strength of evidence regarded as limited — no conclu-
sion that unprocessed red meat increases the risk of T2D.
Based on large number of studies with consistent results
but significant unexplained heterogeneity, the strength of
evidence is regarded as limited — suggesting that processed
meat increases the risk of T2D.

As assessed in the de novo SR, substantial effects of
poultry meat intake on T2D were regarded as unlikely.

Cancer

Colorectal cancer

Both WCREF in their Continuous Update Project and
IARC reviewed the available evidence on meat intake
and several cancer sites (2, 3, 10). They found that, both,
unprocessed red meat and processed meat consumption
were associated with increased risk for CRC. The increase
in the risk of CRC was 12% for each 100 g/day increase
in unprocessed red meat intake (2, 3). The risk for CRC
increased by 16% per each 50 g/day increase in the intake
of processed meat (2, 3). In the meta-analyses by WCREF,
there was no heterogeneity between the studies. IARC
concluded based on the large amount of data, strength
of association, and consistency across cohort studies in
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different populations, that there is sufficient evidence in
humans that processed meat consumption is a cause of
colorectal cancer (10). For unprocessed red meat, IARC
concluded that the positive causal interpretation ‘is cred-
ible but chance, bias or confounding could not be ruled
out’.

As assessed by WCRF and IARC, the strength of
evidence is regarded as convincing that processed meat
increases the risk of CRC. Based on the conclusions of the
TARC and WCREF, the strength of evidence is regarded as
probable that unprocessed red meat increases the risk of
CRC.

Lung cancer

WCRF (2018) found that total red meat intake was associ-
ated with increased risk for lung cancer, but there was sig-
nificant between-study heterogeneity (2, 3). Heterogeneity
decreased in analyses by sex, although the number of
studies with data available separately for both sexes was
small. The association between total red meat and risk of
lung cancer persisted in men but not in women. Processed
meat was also associated with increased risk of lung can-
cer with no apparent between-study heterogeneity, but
the association was statistically significant in only one of
the primary studies. Poultry intake was associated with
reduced risk of lung cancer, with no between-study het-
erogeneity, but only one primary study showed a signifi-
cant result. The findings of the IARC (2018) regarding red
and processed meat were similar to the findings of WCRF
(2018), but IARC did not express an evaluation of the
strength of evidence (2, 3, 10).

As assessed by WCREF, the strength of evidence is
regarded as limited — suggesting that total red meat and
processed meat increase the risk of lung cancer and lim-
ited — no conclusion evidence that poultry intake decreases
the risk of lung cancer.

Other cancers

WCREF (2018) found that total red meat was associated
with pancreatic cancer and nasopharyngeal cancer (based
on a meta-analysis by Li et al. (27)) (2, 3). Large unex-
plained between-study heterogeneity was present, and the
results were based on case-control studies only. WCRF
(2018) also found that processed meat was associated with
increased risk of pancreatic, nasopharyngeal, esophageal,
and stomach cancers (2, 3). No heterogeneity was detected
between the studies for any of the cancer types. However,
as stated by IARC (2018) on pancreatic, esophageal, and
stomach cancers, modest number of studies prevented
ruling out chance, bias, and confounding (10).

As assessed by WCREF, strength of evidence is regarded
as limited — suggesting that red meat (unprocessed, pro-
cessed, or both) increases the risk of pancreatic and naso-
pharyngeal cancers, and that processed meat increases the
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risk of esophageal, nasopharyngeal, stomach, and pan-
creatic cancers.

WCRF (2018) did not find sufficient evidence to con-
clude on the associations between different meat types
and cancers of breast, skin, bladder, cervical, gallbladder,
kidney, liver, endometrial, ovarian, prostate, mouth, phar-
ynx, and larynx (2, 3). IARC (2018), in addition, did not
find sufficient evidence to conclude on the associations
between red meat (whether unprocessed or processed)
or processed meat intake and cancers of non-Hodgin’s
lymphoma, leukemia, and brain (10). No SRs other than
those analyzed by WCRF (2018) with adequate quality
were found regarding poultry intake and any cancer site.
In addition to the cancer sites covered by WCRF and
TARGC, the literature search returned only an SR on thy-
roid cancer, which found no association with total meat
intake (28).

Total cancer incidence and mortality

A meta-analysis of prospective cohort studies found that
lower intake of unprocessed red meat (3 cohorts, 875,290
participants) and processed meat (6 cohorts, 1,198,234
participants) was associated with decreased cancer mor-
tality but not with cancer incidence (29). For processed
meat, between-study heterogeneity was large but not in
studies with low risk of bias. For both, unprocessed red
meat and processed meat, the result was significant in
only one primary study. One meta-analysis on poultry
and total cancer mortality with prospective cohort studies
(8 cohorts/257 — 9861 cases in the original studies) found
a borderline decreased total cancer mortality in high ver-
sus low consumption of poultry with no dose-response
association (30).

Based on the limited number of studies with low risk
of bias and inconsistent findings, the strength of evidence
is regarded as limited — no conclusion that unprocessed
red meat and processed meat increase the risk of total
cancer mortality. Based on the weak association and lack
of dose-response relationship, the strength of evidence is
regarded as limited — no conclusion that poultry decreases
the risk of total cancer mortality.

Total mortality
In the meta-analysis by Zeraatkar et al. (19), lower intakes
of both unprocessed red meat (9 cohorts/413,760 partic-
ipants) and processed meat (10 cohorts/>696,822 par-
ticipants) were associated with a modestly lower risk of
all-cause mortality (19). The associations were observed
mainly in the studies with low risk of bias. There was evi-
dence of significant heterogeneity between the studies, but
the sources of heterogeneity were not studied.

Another meta-analysis by Schwingshackl et al. found
that higher total red meat intake (12 cohorts/177,655
cases) and especially intake of processed meat
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(7 cohorts/143,572 cases) were associated with higher
risk of all-cause mortality (31). There was evidence of
significant heterogeneity that also persisted in the sub-
group analyses.

Based on the large number of studies and with evidence
for biologic plausibility, but with significant unexplained
heterogeneity, the strength of evidence is regarded as lim-
ited — suggesting that higher unprocessed and total red
meat and processed meat intake increase the risk of all-
cause mortality.

Other health outcomes

Because of the limited number of studies, no conclusion
was possible regarding the association of meat intake
with obesity, mental health, metabolic syndrome, chronic
obstructive pulmonary disease, gout, chronic kidney
disease, gestational diabetes, or anemia. However, the
results of the SRs studying the association between meat
intake and these outcomes are presented in Table 1
(19, 32-38).

Note of studies published after the first literature search

After our first draft of the paper, an SR has been pub-
lished on the association between unprocessed red meat
intake and CRC, breast cancer, T2D, ischemic heart dis-
ease, ischemic stroke, and hemorrhagic stroke (39). The
authors used a novel method for the assessment of uncer-
tainty intervals in meta-analyses and ended up with higher
uncertainty in the associations between unprocessed red
meat intake and the disease outcomes compared to many
previous SRs. The methodology has not, until to date,
been commonly accepted by the scientific community
(40). Therefore, we did not take the results into account
in our conclusions. Another recent meta-analysis (41)
generally supports the conclusions of the present scoping
review.

Mechanisms

Red meat is a source of nutrients, such as heme iron,
carnitine, and SFA which, in large amounts, may have
harmful health effects. Furthermore, processing and
cooking of meat have the potential to produce poten-
tially harmful compounds such as N-nitroso compounds
(NOC:s), heterocyclic amines (HCA), polycyclic aro-
matic hydrocarbons (PAH), N-glycolylneuraminic acid
(Neu5Gc) (42), and advanced glycation end products
(AGE) (43). IARC (2018) has classified processed meat
as carcinogenic and unprocessed red meat as probably
carcinogenic to humans (10). Here, we go through lit-
erature regarding suggested mechanisms mediating the
potential effects of meat on those chronic diseases, for
which there was evidence from observational studies on
the association with meat intake (colorectal cancer, car-
diovascular outcomes, and T2D).
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Colorectal cancer

Processing and cooking of meat produce potential car-
cinogens, such as PAH, NOC, and HCA. For example,
in Danish studies, concentrations of PAH and HCA
increased when barbequing beef, pork, and poultry
(44, 45). Different compounds of PAH and NOC were
formed during barbecuing depending on the meat type
(beef, pork, or poultry). NOCs cause tumors in a variety
of animal species and could cause tumors in humans (46).
Red meat increases the amount of NOCs in human feces,
suggesting also endogenous production, for example, by
bacterial activity or by the effect of heme iron of meat
(47). Two recent meta-analyses concluded that the con-
sumption of HCA was positively associated with colorec-
tal adenomas (48, 49). Heme iron mediates the formation
of lipid peroxidation and NOC in the colon, which can
cause DNA damage (42). WCRF has concluded, based
on the evaluation of the literature, that there is suggestive
evidence on the association between heme iron and CRC
(2, 3). Long-term exposure of a compound Neu5Gc, rich
in red meat, resulted in an increased incidence of carci-
nomas in mice (50). SFA in meat products is not a likely
explanation for the increased CRC risk because in a recent
meta-analysis SFA intake was not associated with CRC

51).

Blood pressure

The potential effects of red and processed meat could be
mediated by salt or heme iron because they both affect
the vascular system (52, 53). However, recent SRs and
meta-analyses of RCTs have not found an effect of replac-
ing red meat with other food groups on blood pressure
(54, 55).

Glycaemia
Several dietary components of red and processed meat,
such as SFA, advanced glycation end products, nitrites and
nitrates, heme iron, Trimethylamine-N-oxide (TMAO),
branched chain amino acids, or endocrine disruptors, could
enhance the development of glycaemia. They can influence
glucose and insulin metabolism through affecting adipo-
cyte and muscle cell metabolism, by increasing inflamma-
tion and oxidative stress, or through effects on pancreatic
B-cell and liver function (56). Meta-analyses of prospective
studies suggest an association between serum ferritin and
risk of T2D and between heme iron intake and risk of T2D
(4, 57, 58). Iron causes oxidative stress, which could inhibit
insulin binding (59). Elevated iron concentrations can
increase glucose production and output (60) and interfere
with hepatic glucose utilization, and glucose metabolism of
adipocytes (61) and muscle tissue (62).

However, a meta-analysis of RCTs did not find any
effect of red meat on blood glucose concentrations, blood
insulin concentrations, HOMA-IR, HbAlc, C-reactive

22

(page number not for citation purpose)

protein (CRP), interleukin 6 (IL-6), or tumor necrosis
factor alpha (TNF-alpha) (63). In RCTs, red meat has
usually been unprocessed, whereas processed meat intake
has been tested less frequently.

Inflammation

As mentioned earlier, RCTs do not support short-term
effects of red meat on inflammation markers (63).
Association between red meat and chronic inflamma-
tion in observational studies may be confounded by
excess body weight (64) or mediated by visceral adipos-
ity resulting from a high SFA diet (65). Other dietary
factors, such as fruits, vegetables, and whole grains,
may also interact with red meat in the association with
inflammation (66).

Serum lipid profile

A meta-analysis of RCTs found no evidence that red meat
would have an adverse impact on blood concentrations of
total or high-density lipoprotein cholesterol (HDL, apo-
lipoproteins Al and B, or triglycerides (54, 67, 68)). For
low-density lipoprotein cholesterol (LDL), one meta-anal-
ysis of RCTs found no effect (67), whereas another found
an adverse effect (68). Guasch-Ferre et al. (54) also found
that substitution of red meat by plant foods (soy, nuts,
and legumes) had a favorable effect on total and LDL
cholesterol concentrations. Both unprocessed and pro-
cessed red meat often contain large amounts of SFA.
The current evidence suggests that reducing SFA, espe-
cially when replaced with cis-polyunsaturated fatty acids
or cis-monounsaturated fatty acids, improves serum lipid
profile and, more specifically, decreases total and LDL
cholesterol levels (69). The results of a recent Cochrane
SR suggest that reducing SFA for at least two years could
reduce the risk of cardiovascular events (70).

Trimethylamine-N-oxide

Meat contains high amounts of carnitine and choline,
which are precursors of TMAO. Red meat intake seems
to increase blood concentrations of TMAO (71). High
TMADO levels have been associated with increased risk of
atherosclerosis and major cardiovascular events (72,73).
A recent cross-over RCT found that plant-based alterna-
tive meat products decreased TMAO levels compared to
animal meat (74). TMAO has also been associated with
cancer, potentially through promoting inflammation,
oxidative stress, DNA damage, and disruption in protein
folding (75). However, it is difficult to interpret whether the
effects of meat intake on TMAO have an impact on dis-
ease risk, because fish, which contains TMAO, increases
circulating TMAO concentration more than red meat (76)
but does not increase the risk of CVD. Furthermore, cho-
line is considered an essential nutrient that is required for
normal liver and brain function (7).
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There is strong evidence that processed meat intake
increases the risk of CRC and probable evidence that
unprocessed red meat intake increases the risk of CRC.
Several potentially carcinogenic compounds are formed
in processing and heating red meat.

There is probable evidence that unprocessed red meat
and processed meat intake are risk factors for CVD mor-
tality, and stroke, and that total red meat and processed
meat are risk factors for CHD. Based on the current evi-
dence, sodium of processed meat through its effect on
blood pressure and SFA of unprocessed and processed
red meat through its effect on blood lipids are potential
candidates as mediators of the effect.

Data gaps for future research
One of the main issues is that in most meta-analyses of
observational cohort studies, there is little information
on food substitution analyses with other protein sources,
although this would be very relevant for public health
guidelines. In other words, if the intake of meat is reduced,
what (protein-containing) foods should be added to the
diet? Meta-analyses of observational studies have not
commonly addressed this important question, although
some original studies have included substitution analyses.
Although cognitive decline shares many of the same
risk factors as cardiometabolic diseases, especially pro-
cessed meat intake has been associated with higher risk
of these diseases, currently, there is insufficient data on
the impact of meat intake on the risk of cognitive decline.
Some observational studies suggest that the consumption
of unprocessed meat may have a favorable relationship
and processed meat have an unfavorable relationship with
cognitive performance (77), but the findings are inconsis-
tent, and a comprehensive synthesis of the longitudinal
relationship between the intake of different types of red
and white meat and risk of cognitive decline is lacking.
There are also several other outstanding questions, for
which comprehensive research data are lacking. These
include (in no particular order) the following: Is red meat
from game or grass-fed animals healthier than the red
meat from animals raised by conventional intensive agri-
culture? What is the health impact of organ meat intake?
What is the health impact of the different cooking meth-
ods of meat? What is the impact of lean versus fatty meat
on the risk of diseases? Do the health impacts of red meat
from different species (e.g. beef, pork, and sheep) differ
from each other?

Limitations

One of the main limitations is that, as with most dietary
factors, there are no long-term RCTs that would have
investigated the effects of consuming different kinds of
meat on disease outcomes. Such studies would provide

Citation: Food & Nutrition Research 2024, 68: 10538 - http://dx.doi.org/10.292 1 9/fnrv68.10538

Meat and meat products

the highest quality of evidence but will likely never be
conducted due to financial, practical, and logistic rea-
sons. Therefore, the evidence is based on short-term
RCT with disease risk factors or on observational stud-
ies. The interpretation of findings from RCTs can be
challenging because the results may depend on the com-
parison food that replaces meat in the diet. Most RCTs
last only a few weeks or months, which may be too short
a time to observe significant effects on disease risk fac-
tors. It is possible that, for example, high blood pressure
or glycaemia develops over a period of as long as years
or decades. Even in short-term RCTs, the attrition may
be high, especially if the participants are required to
make large changes to their typical diets. In RCTs, the
meat is also often minimally processed lean meat, and
therefore, the evidence of processed meat on, for exam-
ple, blood pressure and glycaemia is limited (55, 63).
On the other hand, observational studies do not pro-
vide evidence for causality and may be biased due to
residual confounding, reverse causation, and difficulty
in estimating dietary intakes accurately and repeatedly.
The significant heterogeneity in many meta-analyses of
observational studies of meat intake and risk of diseases
may partly be explained by these issues. A limitation is
also that very few cohort studies collect information on
long-term diet.

Another limitation is that the definition of red meat is
not always the same. In some studies, red meat refers to
only unprocessed red meat, whereas in other studies, red
meat refers to a mixture of unprocessed and processed red
meat. This may be one cause of the heterogeneity often
observed in meta-analyses. There is also little evidence
for the associations between meat from different animal
species and health-related outcomes. Many studies have
combined intakes of processed red and processed white
meat when they have analyzed the relationships between
processed meat intake and risk of disease. Therefore, there
are not sufficient data to conclude whether processed
white meat intake is as harmful as intake of processed red
meat.

The quality of the majority of the SRs on the associa-
tion between meat and health outcomes was rated as criti-
cally low (according to AMSTAR 2 evaluation). The main
limitations that led to the rating ‘critically low’ were fail-
ure to preregister the plan for the SR and restricting the
literature search to articles written in English. Addressing
these issues in future SRs would improve the quality with
relatively little additional effort from the authors.
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