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This article is provided for information purposes only. There is no explicit, or implicit
health advice in this article. Consult a health-care professional for health advice relevant
to your personal circumstances.

The goal of this document is to identify peer-reviewed articles to inform a scientific
understanding of the role of red meat in human nutrition and health. At the outset, it is
suitable to state that the only peer-reviewed, case-control, blinded studies, investigating
the long-term influence of dietary red meat (or fat) on human health were - the Polyp
Prevention Trial (NIH), (Lanza et al. 2007); the Nurse Health Study (Ardisson Korat,
Willett, and Hu 2014); the Minnesota Coronary Experiment (Frantz et al. 1989); and the
Sydney Diet Heart Study (Ramsden et al. 2013). It may never be possible to gain further
quality data that case-control studies would provide. This is because research welfare and
ethics committees would be reluctant to approve such studies, particularly now that
World Health Organisation (WHO) doctrine has incriminated red meat as being
detrimental to human health in the absence of definitive scientific studies.



Obtaining Reliable Information
Information on the influence of red-meat consumption on human health can arise from:

e Anecdote or opinion

e Non-refereed governmental or industry reports
e Non-refereed reports from industry experts

e Industry funded scientific trials

e Independent, peer-reviewed scientific literature

Peer-reviewed scientific literature published in high-quality journals provides the most
reliable information. Peer-review means that at the very least, two or three scientists who
were not involved in the data-collection or writing of an article, provide critique of the
scientific methods and interpretations of the data. Ideally, studies should be
case-controlled. Useful information can come from survey and prospective
epidemiological studies, but it needs to be understood that results from epidemiological
studies should primarily be used to formulate hypotheses worthy of further investigation
utilising higher-level (eg case-control) study designs. For epidemiological studies to be
definitive, there must be a very clear demarcation between groups and this is rarely the
case.

While it is not the goal of this document to provide in-depth statistical information, it is
necessary to have some understanding of the term “Relative Risk” (RR) to comprehend the
quality of the epidemiological data upon which some nutritional recommendations have
been made. Relative Risk describes the risk of an event (often a disease, injury, risk factor,
or death) within one group compared to the risk within another group. The formula for
calculating RR is readily available online. But the important point is that if the RRis 1,
there is no difference between the two groups. If the RR is greater than 1, there may be an
effect causing the difference between the two groups worth investigating with a more
definitive trial. The value that can be placed on the RR figure depends on the size of the RR
number, the incidence of the condition or event within the populations under
investigation, and how data was collected. If the data was collected in well-controlled and
managed circumstances (for example an in-patient context where interventions and data
collection are performed under the supervision of professionals), a lower RR value will be
more relevant compared to data collection that depends on, for example, individuals
recalling food intake, or exercise regimens from weeks, months, or years in the past.
Additionally, if the incidence of the condition within both populations is low (eg a 2%
death-rate in one group, and a 3% death rate in the other group), then RR’s may be
misleading. This is because, while there was a 1% increase in death-rate between the
groups (which may, or may not, have been due to chance, or problems with inaccurate data
collection) there can still be a massive perceived increase in the incidence of the condition



between groups. In the example above, arise in incidence from 2% to 3% translates to a
50% increase in incidence.

An example of where epidemiological data and RR’s have provided definitive evidence is
the link between smoking and lung cancer. In this example, the RR of lung-cancer by
smoking status was 23.6 (Pesch et al. 2012). Contrast this result with many
epidemiological survey-based studies claiming adverse health effects from eating red
meat that are based on RR values of between 1.17 and 1.28 (Chan et al. 2011; Larsson and
Wolk 2006). There is very little confidence in RR figures less than 2, and when estimates
are well below 2, (as is the case with the red meat studies), it is not possible to distinguish
between bias, confounding factors and causation (Shapiro 2004). The RR figures of colon
cancer by red meat consumption barely justify forming an hypothesis for further study, let
alone claiming definitive evidence. Therefore, consideration must always be given to study
design, and the type of study that was performed (eg survey/epidemiological data; blinded,
controlled study; etc).

Additionally, for all information sources, there needs to be an understanding of whether
there were/are any conflicts of interest and whether these were clearly acknowledged
within the report or journal article. There also needs to be an understanding of whether
there was any implicit, or explicit bias in articles, or reports.

What is Bias?

Bias in relation to research is either an implicit, or explicit favouritism displayed towards
one side of a scientific question. An example of an implicit bias is selecting candidates for a
trial based on convenience, rather than providing extra effort to fully randomise the
grouping of participants. An example of explicit bias is if a group with a financial interest in
the outcome of the research funds the trials and insists on being involved in data analysis
and reporting. Bias, and conflicts of interest surrounding nutritional research have been
described (Mozaffarian 2017), and robustly discussed (Ludwig, Kushi, and Heymsfield
2018). Yet, a point of commonality with all arguments is that there is not enough
independent, or government funding for definitive nutritional studies. In an environment
with inadequate funding, there is opportunity for industries with vested interests to fund
research. This leads to either intended, or unintended bias, and there is a trend to
approximately a 30% increase in favourable conclusions for the company providing the
funding (Mozaffarian 2017).



Bias can also arise from withholding (not publishing) results from studies when results
don’t support a favoured hypothesis. Some would describe bias of this scale as scientific
fraud. Particularly if the findings may have widespread health implications. An example of
study results being withheld is the Minnesota Coronary Experiment, which ran from 1968
to 1973 (Frantz et al. 1989). This was a well-designed trial, independently funded, with
approximately 2,000 participants monitored over 4.5 years. It was designed to determine
if diets low in saturated fat and cholesterol reduced the incidence of cardiovascular
disease - in essence, comparing diets high in seed oils with diets high in animal-derived
fats. The findings from this huge study showed that replacing dietary animal fats with seed
oils (mainly linoleic acid) did not reduce the risk of death due to coronary heart disease
despite lowering serum cholesterol. Importantly, the study identified a 22% higher risk of
death for each 0.78 mmol/L reduction in serum cholesterol. This study was completed in
1973, yet the results were not published until 1989. A second well-designed and run study
where results were withheld from publication is the Sydney Diet Heart Study (Woodhill et
al. 1978). The study ran from 1966 to 1973, with results published 5 years later. While this
is not long compared to the Minnesota Study, the concern is that, even when published,
the results were poorly and ambiguously reported. It was not until an independent
re-evaluation of the data was performed in 2013, that the results of this large study were
made clear (Ramsden et al. 2013). The striking conclusion was, “clinical benefits of the
most abundant polyunsaturated fatty acid, omega 6 linoleic acid, have not been
established. In this cohort, substituting dietary linoleic acid in place of saturated fats
increased the rates of death from all causes, coronary heart disease, and cardiovascular
disease. An updated meta-analysis of linoleic acid intervention trials showed no evidence
of cardiovascular benefit. These findings could have important implications for worldwide
dietary advice to substitute omega 6 linoleic acid, or polyunsaturated fats in general, for
saturated fats”.

It would be interesting to know what decisions, documents, reports, or embedded
doctrines may have been changed had the information from these two studies been made
available in an accurate and timely manner.

An example of an influential source on human nutrition is the World Health Organisation
factsheet on Healthy diet (who.int). It is notable that 16 of the 19 “references” for this fact
sheet are reports. Implicit in their development, reports will contain the opinions and
biases of their authors that are untempered by peer-review. On only 3 occasions is
peer-reviewed literature referred to in this WHO factsheet. A scientific critique of the
process by which the Healthy diet (who.int) dietary recommendations were reached is
provided here - 2020 Dietary Guidelines — The Nutrition Coalition. While there is no
assertion that this critique is without fault, it does highlight many concerns regarding the
science and interpretations that have led to current nutritional recommendations.


https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.nutritioncoalition.us/2020-dietary-guidelines

A further concern is that the dietary guidelines of some countries eg Australia and the
USA, are based on reports produced by “industry experts” without thorough peer-review,
and without a clear statement of potential biases or conflicts of interest. There are several
agencies that are influential in the development of nutritional guidelines. Examples
include; the International Agency for Research on Cancer (IARC) which is an agency of the
World Health Organisation (WHO); the 2020 Dietary Guidelines for America produced by
the US government (Home | Dietary Guidelines for Americans); the Harvard T.H. Chan
School of Public Health; and the American College of Lifestyle Medicine.

It is beyond the scope of this document to specifically identify contributors to nutritional
guidelines and reports who have serious, and often undeclared biases or conflicts. But
some straightforward research quickly identifies panellists, authors and researchers who
are variably vegan, vegetarian, members of religious groups that recommend a vegetarian
lifestyle, or funded in some way by the plant-based food industry. The religious doctrine of
one religious group stipulates a plant-based diet, and they founded the American College
of Lifestyle Medicine. Their religious beliefs are not under scrutiny here, but the fact this
clear bias towards a plant-based diet is not explicitly declared when members contribute
to some influential nutritional reports is under scrutiny.

If you are a meat producer, or simply someone who enjoys meat as part of your diet, it is
important to have access to high-quality scientific information surrounding your product,
or dietary choices. This document aims to provide information directly from
peer-reviewed literature on topics of importance surrounding red meat production and
consumption.

Conflict of interest statement - Dr Scott Norman is a veterinarian and owner of a
grass-fed cattle stud. There has been no industry funding, or incentive to produce the
following article or influence its content. To the best of my knowledge and ability, this
article represents a critical review of the current scientific knowledge on the topic.

Meat as part of the human diet - The Science

Whenever there is conversation regarding what constitutes a healthy diet, it is common
that a robust discussion will ensue. In recent times, the health qualities of dietary


https://www.dietaryguidelines.gov/

red-meat and its production sustainability have been questioned on several levels.
Concerns raised regarding red meat consumption include:

e whether meat contains adequate and suitable nutrients for the human diet

e whether the fat content of meat is suitable for healthy human nutrition

e whether the consumption of red meat may contribute to metabolic disease, cancer,
or heart disease

e whether there is a difference between grass-fed and grain-fed meat

e whether the production of grass-fed beef contributes significantly to greenhouse

gases, or environmental degradation

Disappointingly, most of the scientific studies on nutrition and red meat consumption are
based on epidemiological data that has been harvested by surveys. Survey data is
inherently unreliable, particularly when questions regarding dietary intake may require
participants to provide information from 6 to 12 months in the past. Additionally, many of
the identified studies, despite peer-review, have clear errors in data collection and
interpretation. An example is an influential paper published from a Nurses Health Study
(C.Zhang et al. 2006). The conclusions drawn from this paper made specific reference to
the influence of red meat and processed meats on gestational diabetes. Yet, when reading
the materials and methods, dietary intake was classified into the following two categories
- “The prudent pattern was characterised by a high intake of fruit, green leafy vegetables,
poultry and fish, whereas the Western pattern was characterised by high intake of red
meat, processed meat, refined grain products, sweets, French fries and pizza”

There are two serious faults in this statement which would normally result in the article
not being accepted for publication. Firstly, the authors have described one of the dietary
patterns as “prudent”. This clearly identifies a bias which can either consciously, or
subconsciously affect data analysis and interpretation. Secondly, the protein sources of
poultry and fish were categorised within the “prudent” diet, alongside fruit and
green-leafy vegetables. In contrast, consumption of red meat, or processed meats was
categorised with “refined grain products, sweets, French fries, and pizza.” In a study
focussed on the investigation of type 2 diabetes mellitus, any researcher with even a basic
understanding of the biochemistry and endocrinology of the condition should have
understood the irrecoverable conflicts and confounding factors involved. Couple these
faults with the vagaries of asking nurses to recall their dietary intakes up to two years
previously and asking nurses to self-report whether they had been diagnosed with
gestational diabetes, and it becomes apparent that any dietary associations with
gestational diabetes become tenuous at best.



Unfortunately, once published, papers such as this can become embedded within the
scientific literature. This paper currently has 286 citations.

With these considerations and concerns in mind, the science behind the dot-points above
will be explored.

Does meat contain adequate and suitable nutrients for the
human diet?

Summary answer - Yes

Red meat contains between 20% to 25% protein, some of which provides amino
acids essential for human metabolism. Meat is also a good source of iron, zinc,
phosphorous, niacin, riboflavin, vitamin B12, and vitamin B1 (thiamine), (Ahmad,
Imran, and Hussain 2018). Red meat also contains a range of fats, the nutritional
value of which will be discussed subsequently.

One concern raised regarding a diet high in red meat is the potential to have
reduced vitamin C intake. In most animal species, glucose is converted through a
series of four reactions to ascorbic acid. In humans, the enzyme for the fourth
step, L-gulonolactone oxidase, is inactive. Therefore, the conversion of glucose
to ascorbic acid cannot be completed. It has been calculated that if humans had
intact glucose/ascorbic acid pathways, they would produce about two to four
grams of ascorbic acid per day (Stone 1972). This provides a rough estimate of
what the daily human requirement for Vitamin C may be. The reason for
providing this information is that it highlights the close relationship between
Vitamin C and glucose. Perhaps the most important finding about vitamin C
activity is its competition with glucose within the body. In 1975 it was theorised
that, because of their structural similarity, vitamin C and glucose might utilise
the same membrane transport (Mann and Newton 1975). This theory was
eventually confirmed experimentally (Bigley et al. 1983; Padh, Subramoniam,
and Aleo 1985; Som et al. 1981; Chen et al. 1983) and ultimately led to an
understanding of how glucose and vitamin C compete for transport by insulin



and entry into cells (Cunningham 1988). The upshot of this is that in diets high in
glucose, there seems to be a need for higher vitamin C intake. In contrast, diets
low in sugars result in a reduced need for vitamin C. Therefore, diets high in
meat and low in sugar will result in a reduced need for vitamin C, with a
resultant reduced chance of deficiency.

Is the fat content of meat suitable for healthy human nutrition?

Summary answer - Yes.

The fatty acid composition of meat will vary by animal age, sex, breed, diet and within the
cut of meat (Wood and Enser 1997). Despite general doctrine that red meat contains
mainly saturated fat, the literature identifies the breakdown of fats in steak from cattle to
be approximately one third oleic acid (like olive oil), one third polyunsaturated fats, and
one third saturated fats (McAfee et al. 2010).

Of this fat profile, saturated fats have been the subject of a lot of negative reports
regarding their effect on human health. The hypothesis that saturated fats and dietary
cholesterol cause heart attacks and strokes - the so-called diet heart hypothesis proposed
decades ago by Ancel Keys - was one of the main reasons red meat was rejected as a
healthy food source (Page et al. 1961). However, this hypothesis has now been tested on
around 75,655 men and women in trials lasting from one to 12 years. Most of these trials
involved in-patient candidates, and so diets and cases were well controlled. Most of the
trials were also Government funded, thus removing possible bias as may occur with
industry funding. Results over all these studies found no adverse effect of saturated fats
on cardiovascular mortality, or total mortality (Nina Teicholz). These results should have
put an end to any concerns regarding red meat consumption, but unfortunately they have
been buried under the weight of pre-existing doctrine built up over the previous 60 years.



Can red-meat consumption contribute to metabolic disease,
cancer, or heart disease?

Metabolic disease

Diabetes is the main metabolic disease where there is doctrine that disease incidence may
be reduced by plant-based diets (WHO). The clear point to make on these reports is that
there are no definitive blinded-control, prospective studies within the peer-reviewed,
scientific literature that specifically investigate the influence of red-meat consumption on
metabolic disease. All the negative comments regarding red meat consumption on
metabolic disease are based on survey data.

Yet, purines contained in meat can be converted to uric acid following digestion. There is
some evidence that uric acid may be involved in fructose-induced metabolic syndrome (R.
J. Johnson et al. 2009). The important understanding is that for uric acid to influence the
progress of metabolic syndrome and diabetes, the metabolic syndrome must first be
induced by excessive fructose intake. The inference is that the consumption of meat in the
absence of a high-fructose diet will not contribute to the development of metabolic
syndrome.

The chart summarised below provides powerful evidence of a negative correlation
between red meat consumption and diabetes. It is based on 40 years of data and clearly
shows the trend of increasing diabetes incidence as the availability and consumption of
red-meat decreases (Teicholz 2019).

Red Meat and Diabetes
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Red meat and cancer - what is the evidence?

The only case-control study identified that explored this topic is the Polyp Prevention Trial
run by the American National Institute of Health (NIH) (Lanza et al. 2007). The NIH is an
independent body that should be exposed to little bias. This study initially ran for four
years with 1,905 participants. There was a further follow-up another 4 years later with
801 of the original participants still available for this 8-year assessment. While not
specifically focused on red meat intake, the trial investigated whether a high-fibre (18
g/1,000 kcal), high-fruit and-vegetable (3.5 servings/1,000 kcal), and low-fat (20% of total
energy) diet would reduce the recurrence of adenomatous polyps in the large bowel. This
study failed to show any effect of a low-fat, high-fibre, high-fruit and-vegetable eating
pattern on adenoma recurrence even with 8 years of follow-up (Lanza et al. 2007).

In contrast to the single case-control study mentioned above, there are many
epidemiological survey-based studies claiming that eating red meat may cause cancer
(Larsson and Wolk 2006; Chan et al. 2011). These conclusions are based on RR values
between 1.17 and 1.28 and as noted previously, when RR estimates are well below 2, it is
not possible to distinguish between bias, confounding factors and causation (Shapiro
2004). These RR figures of colon cancer by red meat consumption barely justify forming
an hypothesis for further study, let alone claiming definitive evidence.

Coupling the findings of the Polyp Prevention Trial with those of the epidemiological
studies provides no evidence that red meat causes colon cancer. In further support of this
conclusion, a 2017 literature review was performed following the IARC claim that red
meat was carcinogenic (I. T. Johnson 2017). Following this extensive review, it was
concluded that: “epidemiology indicates that processed meat products are associated
with increased risk of colorectal cancer. Yet, evidence for red meat and for other cancers
remains tentative” (. T. Johnson 2017). This conclusion is carefully worded but does not
disguise the fact that there was no definitive evidence identified for red meat being a
cause of cancer.

Red meat and heart disease - what is the evidence?

As noted above, red meat has a range of fats. Depending on animal management, the
literature suggests the fat profile to be approximately one third oleic acid (like olive oil),
one third polyunsaturated fats, and one third saturated fats (McAfee et al. 2010). Yet
doctrine focuses on meat containing mainly saturated fats. Despite this, the hypothesis
that saturated fats and dietary cholesterol cause heart attacks and strokes - the so-called



“diet heart hypothesis” proposed decades ago by Ancel Keys - was one of the main
reasons red meat was rejected as a healthy food source (Page et al. 1961). However, the
“diet heart hypothesis” has now been tested on around 75,655 men and women in trials
lasting from one to 12 years. Most of these trials involved in-patient candidates, and so
diets and cases were well controlled (Woodhill et al. 1978; Frantz et al. 1989; Lanza et al.
2007; Larsson and Wolk 2006; McAfee et al. 2010; I. T. Johnson 2017; Ramsden et al.
2013). Most of the trials were also Government funded, thus removing possible bias as
may occur with industry funding. Results over all these studies found no adverse effect of
saturated fats on cardiovascular mortality, or total mortality (Teicholz N 2019). These
results should have put an end to any concerns regarding red meat consumption, and
cardiovascular disease.

Grass-Fed meat or Grain-Fed meat — what is the difference?

For good flavour, the marbling fat content of meat should be above 30% (Wood et al.
1999). The composition of these fats is influenced by the diet. There is a more favourable
omega-6 to omega-3 fatty acid ratio, for grass-fed cattle (2.0-2.5:1.0), compared to
grain-fed cattle (8-30:1). Therefore, grass-fed beef contains significantly more omega-3
fatty acids compared to grain-fed beef (Hall, Schonfeldt, and Pretorius 2016; Wood et al.
1999; Schonfeldt and Hall 2015). While a review of the benefits of higher omega-3 fatty
acids in the diet is the topic for another review, the summary is that high dietary omega-3
intake leads to less inflammatory conditions compared to diets higher in omega-6’s. This
comment is also relevant when considering the high omega-6 content of dietary seed-oils
(incorrectly referred to as “vegetable” oils) which are commonly used for cooking and
frying.

Greenhouse gas production and environmental degradation - a
comparison between grass-fed beef production and broadacre

cropping

This Section is a work in progress. While there are studies and views on the environmental
impact of beef production, there seems to be little information with transparent
calculations on the environmental impact of broadacre grain production in Australia.
Additionally, there is a need to understand the effect of wastage from the different food



sectors on their environmental impact. Preliminary reading suggests there is an overall
wastage (including pre and post sale) of approximately 30%. Initial impressions from the
literature suggest there is a higher proportion of pre-sale waste from the plant-based
foods due to cosmetic and taste spoilage. In the post-sale period, it seems consumers are
less-likely to waste animal-based food compared to plant-based foods. There is a need for
further review in this space. In the meantime, some useful references have been identified.
Note that some of these references persist with the view that red meat consumption is
detrimental to health. This view-point is contested.

(Ro06s, Sundberg, and Hansson 2011)
(Peters et al. 2010)

(van der Weele et al. 2019)

What are the benefits in eating red meat?

Red meat is a low-joule (calorie) source of high-quality protein. It contains between 20%
to 25% protein, and is one of only a few sources providing some amino acids which are
essential for human metabolism. Meat is also a good source of iron, zinc, niacin, riboflavin,
vitamin B12, vitamin B1 (thiamine) and selenium. This contrasts with legume-based foods
that are known to bind iron, zinc and calcium, reducing their absorption into the body (VY. Y.
Zhang et al. 2020)

Approximately 66% of the fats in red meat are either polyunsaturated, or
monounsaturated fats, with grass-fed beef providing a higher portion of healthy omega-3
fatty acids. While a third of the fats are saturated, there is still conjecture within the
literature as to the effect of saturated animal-fat intake on cardiovascular disease, cancer
and metabolic disease. Importantly, there is evidence that saturated fats may provide
human health benefits, in contrast to the high linoleic acid content of many seed oils.



In Summary

There is no strong evidence that red meat consumption causes ill-health. There is also no
strong evidence that avoiding red meat will improve health. To the contrary, there is firm
evidence that replacing animal fats with seed oils (mainly linoleic acid) is detrimental to
health. The deceptive marketing employed by manufacturers of highly processed seed oils
(marketed as “vegetable” oils) is concerning. This marketing is aimed at conveying a
healthy image for seed-oils despite strong evidence they are detrimental to human health.
Unfortunately, after exploring the literature, there is evidence that a large body of work
leading to current nutritional recommendations surrounding red meat consumption has
been based on either biased data, biased data interpretation, or poorly informed data
interpretation. It is also concerning that the results of two seminal studies (the Minnesota
and Sydney studies) were either withheld, or ambiguously reported prior to the 1980
release of the first Dietary Guidelines in the USA. These dietary guidelines and their
subsequent iterations provide the basis for all US nutrition policies, and food assistance
programs, including educational programs, Department of Defense, Department of
Corrections, aged care, hospital care and medical recommendations. It is not possible for a
worker within any of these institutions to deviate from the government recommendations
regardless of whether there may be scientific evidence to the contrary. Unfortunately,
these US recommendations appear to have influenced nutritional guidelines throughout
the world.

Finally, there is evidence that red meat consumption supplies some essential nutrients to
the human diet that are difficult to obtain from other sources.
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