Editorial

Can eating red meat increase the risk
of developing Type 2 diabetes?
“For the general public,
limiting red meat intake,
particularly processed red
meat, and replacing red
meat with healthier dietary
choices … is beneficial for
the long-term prevention of
diabetes.”
An Pan1

Frank B Hu*2,3,4

The global prevalence of diabetes has
doubled in the last 30 years and is predicted to continue to rise at an alarming
rate, particularly in developing countries. Recent data suggest that more than
366 million people were living with diabetes in 2011 and the number is projected
to grow to 552 million in 2030 [101] . The
associated health and financial burdens
are enormous [101] . Diet has been widely
acknowledged as playing an essential
role in the development of diabetes and
healthy dietary choices have been recommended to decrease diabetes risk [1] . In
many of the widely studied healthy diet
indexes that are beneficial for diabetes
prevention and management (e.g., the
prudent diet pattern, Alternative Healthy
Eating Index and the Mediterranean
diet), low consumption of red meat is a
major component.
Global meat production and consumption have increased rapidly in recent
decades, particularly in developing countries [102] . A growing body of evidence
suggests that high red meat consumption

is related to an elevated risk of Type 2 diabetes. An early report from the Seventh
Day Adventists Study found a positive
association between total meat intake
and risk of Type 2 diabetes [2] ; however,
it was argued that the study sample had a
large proportion of vegetarians and may
not represent the general population.
Subsequently, a series of studies in the
USA and Europe have shown that red
meat consumption is clearly a modifiable
risk factor for Type 2 diabetes. A very
recent meta-analysis summarized data
from nine prospective cohort studies and
reported that the relative risk (95% CI)
for Type 2 diabetes was 1.19 (1.04–1.37)
for 100 g/day of unprocessed red meat
and 1.51 (1.25–1.83) for 50 g/day of processed red meat [3] . The meta-analysis
included over 28,000 incident diabetes
cases from more than 442,000 participants followed for between 4 and 28 years
[3] . The positive association was also confirmed by another recent publication from
the large prospective case-cohort study
nested within the European Prospective
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Therefore, these prospective studies provide
consistent and strong evidence that high red
meat consumption, particularly processed red
meat, is related to an elevated risk of Type 2
diabetes.
A high consumption of red meat is generally
accompanied by some other unhealthy lifestyle
attributes, including low consumption of whole
grains, fruit and vegetables, high prevalence of
smoking, less physical activity and high BMI.
Therefore, it is critical to measure and adjust
those factors in the analysis, as has been commonly done in previous large prospective studies. However, some people have criticized the
residual or unmeasured confounding factors in
the epidemiological studies. Ideally, whether
red meat consumption causes diabetes should
be tested in a randomized clinical trial, where
two groups of people are allocated by the investigators to eat or not eat (or to eat different
amounts of ) red meat without other changes
to their diet or lifestyle. Practically, this is not
feasible or ethical given that a large sample
size and long follow-up duration are needed
to test the hypothesis. Therefore, we rely on
high-quality prospective cohort studies to
provide us with the best evidence. One recent
publication deserves special attention [5] . Taking advantage of the repeated measures of diet
and lifestyle factors in three Harvard cohorts,
the Health Professionals Follow-up Study, the
Nurses’ Health Study and the Nurses’ Health
Study II, we examined the changes in red meat
consumption and subsequent risk of developing
Type 2 diabetes [5] . In this comprehensive analysis, compared with people who kept their red
meat intake levels constant, individuals who
increased red meat consumption by more than
0.5 servings per day in a 4‑year period had an
almost 50% higher risk of developing Type 2
diabetes in the next 4‑year interval and a 30%
increased risk in the next 12–16 years. Participants who decreased their red meat intake had
no change in diabetes risk in the next 4‑year
interval, but had a 14% lower risk in the entire
follow-up of 12–16 years. This association was
independent of baseline red meat consumption and changes in many other lifestyle factors (e.g., physical activity, smoking and overall
dietary quality), but partially correlated with
bodyweight.
There are several important implications
from this study. First, increasing red meat

[4] .

“…increasing red meat

intake can have a
quick adverse effect on
diabetes risk, while
decreasing red meat
intake has a prolonged
benefit.”
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intake can have a quick adverse effect on diabetes risk, while decreasing red meat intake has
a prolonged benefit. The lack of reduced risk in
the short term may be explained by high-risk
people being more likely to change their lifestyle habits and reduce their red meat intake.
Second, consistent with previous findings, the
association is stronger for processed red meat
than unprocessed red meat, suggesting that
ingredients added during the preparation and
processing have additional deleterious effects.
Third, this ‘change-in-risk’ analysis approach
is, to some extent, a natural experiment, where
participants chose to change their diet without
interventions from the investigators. Therefore,
the results are more generalizable to the real
world compared with studies carried out in a
well-controlled laboratory or clinical setting.
Certainly, the study is observational in nature
and is subject to residual confounding and
measurement error. However, the measurement
error is more likely to underestimate the association. Therefore, this study provides additional
robust evidence that limiting red meat intake is
beneficial for the prevention of Type 2 diabetes.
There are multiple, complex causes of the
association between diabetes risk and regular
high red meat intake. Red meat is a major source
of saturated fat, cholesterol, animal protein and
heme iron. High intake of saturated fat could
adversely affect glucose metabolism and insulin
resistance [6] , although the epidemiological evidence is not entirely consistent [7] . A high intake
of cholesterol [8,9] and animal protein [9,10] was
also related to an increased risk of Type 2 diabetes in some studies. Recently, studies have consistently shown that higher heme iron intake
and increased body iron stores are significantly
associated with a greater risk of Type 2 diabetes
[11] , and the mechanisms include enhanced oxidative stress and detrimental effects on specific
tissues and organs, including pancreatic b‑cells,
liver, fat and muscle [12] . A recent novel study
demonstrated that dietary l‑carnitine, found
in high concentrations in red meat, promotes
atherosclerosis through gut-mediated generation of trimethylamine-N-oxide [13] . However,
whether high intake of dietary l‑carnitine also
promotes insulin resistance remains unknown,
but it is highly possible because atherosclerosis
and insulin resistance share several common
mechanisms.
Other constituents in red meat, especially
processed meat, may also contribute to insulin
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resistance and an increased risk of Type 2
diabetes, and these include certain types of
preservatives, additives and chemicals arising
from meat production, preparation and cooking. Nitrites and nitrates added during meat
processing, as well as a variety of heterocyclic
amines and polycyclic aromatic hydrocarbons
formed during cooking, can be converted into
N‑nitrosamines [14] , which are toxic to pancreatic b‑cells and increase the risk of diabetes in
animal studies [15] . Blood nitrite concentrations
in adults have been demonstrated to be associated with endothelial dysfunction [16] and
impaired insulin response [17] . Sodium content
is much higher in processed red meat and may
partially explain the relationship [18] . Advanced
glycoxidation end products [19] , particularly
when cooked at high temperature, may also be
involved in the increased risk of Type 2 diabetes. Other additives, such as pink slime (or
lean finely textured beef) [103] , have raised wide
consumer concerns, but their health impacts are
still controversial.
The majority of meat products on the market are made from grain-fed farm-raised livestock. Some studies have shown that omega‑3
fatty acids and vitamin A and E precursors are
somewhat higher in grass-fed, compared with
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