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HIGHLIGHTS

® Most diets are supported by little rigorous scientific evidence.

® The ketogenic diet requires a firm restriction of carbohydrates and allows liberal ingestion of fats.

® The ketogenic diet induces a rapid weight loss and reduction in hemoglobin Alc, but raises LDL cholesterol.
® Other diets are as effective, more sustainable and safer.

ABSTRACT

Diets have been at the center of animated debates for decades and many claims have been made in one direction or the other by supporters of opposite camps, often
with limited evidence. At times emphasis has been put on a single new aspect that the previous diets had overlooked and the new one was to embrace in order to
improve weight loss and well-being. Unfortunately, very few randomized clinical trials involving diets have addressed the combined question of weight loss and
cardiovascular outcomes. The recently introduced ketogenic diet requires a rigorous limitation of carbohydrates while allowing a liberal ingestion of fats (including
saturated fats) and has generated a flurry of interest with many taking the pro position and as many taking the cons position. The ketogenic diet causes a rapid and
sensible weight loss along with favourable biomarker changes, such as a reduction in serum hemoglobin Alc in patients with diabetes mellitus type 2. However, it
also causes a substantial rise in low density lipoprotein cholesterol levels and many physicians are therefore hesitant to endorse it. In view of the popular uptake of
the keto diet even among subjects not in need of weight loss, there is some preoccupation with the potential long-term consequences of a wide embrace of this diet by
large segments of the population. On the contrary, numerous lines of evidence show that plant-based diets are associated with reduction in oncological and
cardiovascular diseases and a prolonged life span. The debate reproduced in this article took place during a continuous medical education program between two

cardiologists with largely differing views on the matter of effectiveness, sustainability, and safety of the ketogenic diet compared to alternative options.

1. Pro: Dr. Blair O'Neill
1.1. The ketogenic diet is safe and more effective than other diets

It has been said that: “The illiterate of the 21st century will not be
those who cannot read and write, but those who cannot learn, unlearn,
and relearn.” [1] Despite nearly 50 years of clinging to the dogma that
saturated fat is detrimental to health, that total cholesterol is associated
with mortality, and despite developing extremely effective therapies to
reduce cholesterol, we continue to see an ever-expanding epidemic of
obesity, diabetes, and increasing incidence of coronary heart disease
(CHD). Reversing decades of decreasing coronary heart disease in-
cidence and prevalence, for the past decade trends are now increasing,
especially in those under 50 years-male and female [2]. Lead by the
United States Department of Agriculture, we have developed healthy
food guidelines globally that counsel us to reduce fat intake,

particularly saturated fat, in order to reduce our future risk of heart
disease (https://health.gov/dietaryguidelines/2015/guidelines/). Our
population has listened and supported by the food industry has reduced
our intake of fat, and particularly saturated fats, and as a consequence
increased our consumption of carbohydrates which of course are
broken down into sugars in our bodies [3]. There has been a direct
correlation with the reduction of fat intake and the increase in carbo-
hydrate intake with the obesity epidemic and the concordant increase
in type II diabetes that we have witnessed over the past several decades
(https://www.cdc.gov/obesity/data/prevalence-maps.html).

Dr. Ancel Keys, the most influential nutrition scientist in modern
history, was an effective proponent of the so-called “diet heart hy-
pothesis” [4]. Yet, the diet heart hypothesis remains in search of evi-
dence-based validation. There was no evidence from randomized con-
trol trials to support the concept that fat is harmful at the time of the
introduction of food guidelines in the late 1970s and early 1980s, nor
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has any more evidence that saturated fats are harmful accumulated
since [5,6]. There is universal agreement that trans fats are detrimental
to health and these have been phased out of foods as a consequence [7].

There is evidence that the decades-long trend to reduce the in-
cidence and prevalence of CHD is ending. Decreased CHD rates have
been largely attributed to successful public policy which reduced
smoking rates across the Western world [8]. Unfortunately, over the
past decade, we have seen that trend reverse. The incidence of CHD has
been increasing. Even more concerning is the finding that premature
myocardial infarction in subjects in their 40s and 50s occur often in
patients with obesity, hypertension, and diabetes mellitus [2]. This is
despite Americans following the low-fat recommendations since the
1980's with the consequence of consuming more carbohydrates and the
population gaining more weight than ever before [3]. Indeed, unlike
smoking, nutritional guidelines appear to have been a public policy
failure.

What was the evidence that has created the past half century of
nutritional advice? Indeed, it was shaky from the start. The principle
proponent of the diet heart hypothesis, Dr. Ancel Keys and his team,
performed the Minnesota Coronary Experiment from 1968 to 1972 re-
placing the standard American diet of the time which was approxi-
mately 45% fat with polyunsaturated oils, chiefly linoleic acid, and
demonstrated as predicted that there was a decrease in total cholesterol
[9]. Unfortunately, there was no change in mortality, although there
was a signal of increased mortality in patients at highest risk, over age
65. However, because the investigators did not believe their own re-
sults, it was not until 2016 that these results were published. Had they
been published at the time and associated with the totality of other
evidence, it is quite probable that the guidelines to reduce fat and in-
crease carbohydrates in the diet would not have been accepted and we
might have avoided the current epidemic of obesity and diabetes.

Why is obesity such a major risk factor for CHD? It is most likely
secondary to the development of visceral obesity, associated with hy-
perinsulinemia/insulin resistance, leading to enhanced local and sys-
temic production of inflammatory cytokines/adipokines, and the en-
suing dyslipidemia characterized by high-circulating triglycerides and
low HDL [10,11]. Inflammation in vessel walls leads to medium vessel
hypertrophy and hypertension that is present in 80% of overweight and
obese individuals. Inflammation in small and medium arteries of the
legs, kidneys and the heart leads to peripheral arterial disease, ne-
phrosclerosis and CHD. A heightened systemic inflammatory state leads
to insulin resistance and higher circulating insulin levels. Higher fasting
insulin levels have been associated with higher risk of CHD in subjects
without overt diabetes mellitus [12].

In cardiovascular science there has been increasing interest in in-
flammation as an explanation for the so called “residual risk” after
patients’ LDL cholesterol is controlled by statins. The REGARD registry
showed that patients with an LDL cholesterol <1.8 mmol/L who had a
high-sensitivity CRP (hsCRP) serum level = 2 mg/L had a higher stroke
risk, as well as all-cause and CHD mortality than patients with a hsCRP
level < 2 mg/L [13]. The higher the fasting insulin the greater the
likelihood of having an elevated hsCRP; at least one study showed that
patients with an insulin level greater than 15 ulU/mL had a 30%
greater risk of having an hsCRP = 2 mg/dl [14].

Perspectives on better understanding lipid profile and CHD risk are
changing. It is now recognized that it is not simply the LDL cholesterol,
but the composition of the lipoprotein that more accurately determines
risk [15-17]. Again, there is a relationship between LDL particle size
and obesity and insulin resistance [18]. Patients with high small dense
LDL particles have a much higher risk of CHD events compared with
those who have larger more buoyant LDL particles. This situation often
creates a discordance with patients with lower LDL cholesterols levels
but higher particle counts demonstrating a higher risk of CHD events,
while patients with higher LDL cholesterol but lower particle counts
have a lower risk of events. Macronutrient studies have shown that a
diet high in saturated fatty acids actually increases LDL particle size
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compared to low-fat high carbohydrate diets that guidelines have en-
couraged the public to consume [19].

Thus, it appears that LDL must be modified to become atherogenic
[20]. How it is packaged by its lipoprotein moiety and how that
package is modified in the circulation and vessel wall determines its
role in atherosclerosis. Modified or oxidized LDL has less affinity for
LDL receptors and, therefore, longer circulation times. In the vessels
wall, scavenger receptors on macrophages have a higher affinity for
oxidized LDL leading to increased uptake, foam cell transformation and
apoptosis, essential ingredients for the formation of vulnerable ather-
osclerotic plaques. Oxidized LDL concentrations are higher in insulin
resistance, the metabolic syndrome, and diabetes mellitus type 2 [21].

Insulin, itself, has a dichotomous impact on the vessel wall. In
metabolically healthy individuals in an insulin sensitive state, low le-
vels of insulin are associated with healthy nitric oxide production, va-
sodilation, lower monocyte adhesion, lower local and systemic in-
flammation, and less oxidative stress. In the metabolically unwell
patient with chronically high insulin levels due to insulin resistance,
insulin exerts the opposite effect once it interacts with its receptor,
increasing levels of plasminogen activator-1, and endothelin leading to
a pro-vasoconstrictive state, smooth muscle proliferative state and a
milieu that promotes migration of monocytes and smooth muscle cells
[22].

Is there a way to reverse the diabetes and obesity epidemic?
Certainly, the last 5-10 years of research have suggested that low
carbohydrate, high-fat diets are associated with significantly greater
weight loss compared with low-fat diets in head to head randomized
control trials [23]. Similarly, for patients most metabolically unwell,
those with diabetes mellitus type 2, the most effective treatment has
been bariatric surgery [24]. Can obesity, a lifestyle disease, only be
reversed by surgical intervention? More research is confirming that
very low carbohydrate diets can effectively reverse the metabolic ab-
normalities of patients with diabetes mellitus type 2. Compared with
low fat diets, carbohydrate restriction produces significantly greater
reduction in hemoglobin Alc, and weight loss in patients with diabetes
mellitus type 2. In a non-randomized clinical trial in patients with type
2 diabetes mellitus, 262 patients received a very low carbohydrate diet
and 87 controls received a diet based on standard guidelines [25]. The
intervention group was treated with a ketogenic diet with blood mea-
surements confirming nutritional ketosis, with beta-hydroxybutyrate
levels between 0.4 and 0.6 mmol/L. Patients lost between 10 and 15%
of body weight. Inflammatory responses, as measured by hsCRP and
white blood cell count, decreased significantly while they did not
change or continued to increase in the usual care group. Virtually every
important biomarker changed in a positive direction including trigly-
cerides, HDL, small dense LDL particle count, and, most importantly,
the 10-year risk of atherosclerotic cardiovascular disease decreased
despite an increasing LDL cholesterol level. Indeed, the observation that
LDL-C rises but its apolipoprotein B (apoB) does not, suggests that the
particles have favorably transformed, which is confirmed by the in-
crease in LDL particle size and the dramatic fall in the far more
atherogenic small dense LDL-P. This would portend an event free ad-
vantage for those treated with a ketogenic diet. Conversely, in the usual
care group, virtually every biomarker continued to deteriorate over
follow-up including the predicted 10-year risk of cardiovascular events
[26]. The LDL cholesterol, however, decreased. Unfortunately, the
usual care low-fat diet also further reduced LDL particle size in these
metabolically challenged diabetic patients. Have we been focusing on
the wrong biomarker of risk? Is there any wonder why we have con-
sidered type 2 diabetes mellitus to be a largely progressive irreversible
disease? Not surprisingly, in the intervention cohort, average he-
moglobin Alc decreased from baseline 7.6%-6.3% at one year. From a
cost perspective, medication utilization was dramatically reduced with
half the patients completely discontinuing insulin, and all coming off
sulfonylureas as opposed to the usual care group where insulin doses
and sulfonylurea use continued to increase.
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It is time for a paradigm shift in the thinking about risk factors for
CHD. The epidemiological experiment to decrease fat in the diet has
failed and has only made the population sick. We are seeing the adverse
outcomes of misguided dogma that focused only on LDL cholesterol
levels. It has been too simplistic and has led to an increased prevalence
of heart disease in young people, who have been exposed to the toxic
refined carbohydrate diet for their entire lives. It is sugar and processed
carbohydrates that lead to insulin resistance, and then to a pro-in-
flammatory state that leads to many chronic conditions of our era, in-
cluding hypertension, peripheral arterial disease, CHD, atrial fibrilla-
tion, heart failure with or without preserved ejection fraction, chronic
renal insufficiency among many others. With 7/10 adults and 4/10
children, now overweight or obese, we need an urgent call to action to
use science and not dogma to drive recommendations.
Recommendations should not be based on nutritional and scientific
bias. Indeed, we are now seeing the convergence of environmentalism,
animal rights activism, plant-based dietism using weak association data
to drive policy agenda. If we don't get this right, we will continue to
witness an ever-expanding epidemic of obesity and its consequences in
the population, with escalating astronomical costs both to individuals
and to society. It is time for transparent science to drive agendas not
dogma.

2. Cons: Dr. Paolo Raggi

2.1. There is no scientific proof of the superiority, safety and sustainability
of the ketogenic diet

It is hard to image a debate more animated and scientifically weaker
than any debate centered around diets. The ketogenic diet (keto for
short) may happen to have some merits, but the excessive fervor with
which it is often defended by its proponents makes it appear as another
of the fads we have lived through, all too often unsupported by good
evidence. The paucity of scientifically rigorous trials renders the debate
over diets tentative, confusing, very opinionated and -at times-a bitter
confrontation between opposing camps. Keto makes no exception to
this rule, and in fact it may represent a perfect case in point. It is worth
noting and discussing some of the objections the proponents of the keto
diet advance. The main thrust of the keto campaign rests on the tenet
that carbohydrates are noxious to the health of the population.
Additionally, they stress that the low-fat diets advocated by profes-
sional associations for decades have no scientific basis and have in-
duced the current epidemic of obesity and diabetes mellitus. Such
emphasis on carbohydrates inducing obesity seems a bit misplaced
when in the early 1860s William Banting already warned of the dangers
of sugars in the Letter on Corpulence? [27] In his opening statement
Banting wrote: “Of all the parasites that affect humanity, I do not know of,
nor can I imagine, any more distressing than that of Obesity, and, having just
emerged from a very long probation in this affliction I am desirous in cir-
culating my humble knowledge and experience ...“. He then proceeded to
describe a long list of failures to lose weight at the advice of luminaries
who counselled him to be more physically active, rest better, take
Turkish baths etc.. all leading to insignificant results. The failures
continued until the day he met an illuminated physician who advised
him “to abstain as much as possible [from] ... bread, butter, milk,
sugar, beer and potatoes.” In adherence with such a diet he lost 2-3.5
pounds per week and became a slim 165-pound man from his corpulent
202 pounds just a few months earlier. Later in the letter he describes a
typical breakfast in his new diet and states: “For breakfast, I take four or
five ounces of beef, mouton, kidneys, broiled fish, bacon or cold meats of any
kind except pork, a large cup of tea without milk or sugar and a small biscuit
...” I would say Banting introduced the notion that obesity is a chronic
ailment and proposed a ketogenic approach to weigh loss long before
we even started talking about it! So, here are a few facts no one may be
able to dispute: [a] restricting calories of any type induces weight loss;
[b] a diet rich in fats and proteins causes early satiety therefore a
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reduction in ingestion of calories; [c] limiting or eliminating carbohy-
drates is a major contributor to weight loss; [d] introducing a keto diet
mostly, or almost exclusively, based on animal products induces rapid
weight loss. But toward the end Banting warns the reader of another
important fact: “I am now in that happy, comfortable state, that I should
not hesitate to indulge in any fancy in regard to diet, but if I did so, should
watch the consequences, and not continue any course which might add to
weight or bulk and consequent discomfort.” That is to say, weight loss is to
be preserved and the effectiveness of any diet is to be measured in the
potential for maintenance. Having been born in a southern European
country I find it hard to believe that keto may be a sustainable, healthy
and affordable approach to fight obesity and its consequences, or be-
come a lifestyle. I am even less convinced that it may be a safe diet in
patients with established cardiovascular disease or at very high risk for
it. In the next several paragraphs I will address these concerns and
review some observational data as well as the limited randomized trials
available to date in support of dietary preferences.

2.1.1. Of myths and dogma

Despite accusing mainstream medicine to be fraught with dogma,
keto supporters appear to apply a dogmatic approach to their assertions
without a good base for their arguments. One of the frequent arguments
brought forward by keto followers is that western populations have
been ingrained with various wrong dogma for several decades. Among
others: the negative effects of saturated fats have never been demon-
strated; Ancel Keys misrepresented the truth in the Seven Countries
Study [28]; guidelines that invited the population to observe a low-fat
diet, induced an increase in ingestion of carbohydrates with a sub-
sequent epidemic of obesity. Furthermore, there is a large industry in-
terest behind this plot. Honestly, I cannot see how industry may not
(and does not) benefit from either excess: too many carbohydrates or
too much beef, eggs, chicken, dairy etc. Why would the sugar industry
be smarter and slicker than the meat industry? We are currently facing
a serious environmental challenge with the increasing greenhouse gas
emitted by cattle (http://www.fao.org/gleam/results/en/), and many
are willing to close an eye on it. Because food is a global commodity,
what is consumed in one country can impact another. One of the most
devastating effects of the global increase in demand for animal products
(beef in particular) is the ever-expanding deforestation we are witnes-
sing. I don't see how this is not evidence of an industry interest.

The assertion that Dr. Keys misrepresented the results of the Seven
Countries Study and obliterated the truth about the benign nature of
saturated fats consumption is -to say the least-a gross manipulation of
the facts (reviewed elegantly here [29]).

It is also hard to believe that the guidelines induced a switch toward
a larger ingestion of dangerous carbohydrates. Going back decades, in
1980 the US Department of Agriculture and the Department of Health
and Human Services (https://health.gov/dietaryguidelines/1980thin.
pdf) warned of the dangers of obesity, encouraged the population to eat
a variety of foods (including meat, fish, eggs, dairy etc..), suggested that
people eat mostly complex carbohydrates, whole grains and beans, not
refined carbohydrates. The guidelines did not prohibit but suggested
limiting the ingestion of saturated fats and acknowledged that a diet
low in fat may not help everyone, in fact people can still have a high
serum cholesterol even when eating a low-fat diet. The reality however
is very different: North Americans are eating low quantities of complex
carbohydrates, vegetables, legumes and fruit and eat too many refined,
simple sugars (https://health.gov/dietaryguidelines/2015/guidelines/
chapter-2/a-closer-look-at-current-intakes-and-recommended-shifts/).
So, the population is not observing the guidelines, and it appears odd
that keto supporters would accuse the guidelines and their writers of
inducing an epidemic of obesity. Caution is therefore in order.

2.1.2. Weight loss and its sustainability
Keto can induce a rapid -mostly due to water losses- and gratifying
weight loss but, like any other diet, it must be sustained to keep weight
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off. The studies completed so far have been very short and have not
convincingly demonstrated that the keto diet is more sustainable and
that the effects are more durable than those of others. In a metanalysis
comparing low-fat vs low-carbohydrate diets, Bueno et al. [30] re-
viewed 9 studies of 12-month duration and 4 additional studies lasting
24 months. They concluded that keto provided on average 0.9 kg ad-
ditional weight loss compared to low-fat diets, along with a significant
reduction in triglycerides, and diastolic blood pressure, in the face of a
significant increase in HDL-c and LDL-c. While these results are en-
couraging it should be remarked that the studies in the metanalysis
included a very small number of patients (60-200 patients, with one
study including 305 patients), and there was no report on the long-term
outcome of the enrolled subjects. In an experiment conducted in a
metabolic inpatient unit, Hall et al. [31] exposed 17 overweight or
obese subjects to isocaloric low-fat vs low-carbohydrate diets in 2
subsequent study periods. The energy loss (in Kcal per day) induced by
the two diets was not different. Although keto induced a substantial
decrease in insulin secretion along with increasing circulating free-fatty
acids and ketones, it did not induce a greater body fat loss than the low-
fat diet. It is important to remember that a strict keto diet includes no
more than 10% of the total daily calorie intake in the form of carbo-
hydrates, 20% as proteins and the remaining as fats. Many may find this
restriction too limiting and unpalatable, despite the freedom to ingest
as much butter and bacon as desired and may deviate from such en-
forcement with the simple ingestion of one apple a day (one medium
size apple contains about 22 gm of carbohydrates, Fig. 1). Halitosis,
constipation and diarrhea, muscle cramps, headaches, vitamin defi-
ciencies, nephrolithiasis and other side effects may also deter many
patients from persevering on the keto diet.

2.1.3. Safety and long-term benefits

Despite the well-advertised weight loss and the reduction in insulin
requirements and hemoglobin Alc, the long-term benefits of keto have
not been demonstrated. A study often reported as demonstrating the
superiority of keto compared to low fat diets in reducing hemoglobin
Alc and inducing weight loss in patients with diabetes mellitus type 2,
was an open-label, non-randomized study during which patients were
exposed to 1-year of a continuous care intervention or usual care [25].
Notably, all patients, who elected to participate in the “intervention
arm” (i.e. keto diet), received extensive counseling and tools to measure
their adherence to the diet as well as their progress. These included: a
cellular-connected body weight scale, a finger-stick blood glucose and
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ketone meter, a blood pressure cuff, access to a web-based application
for biomarker reporting and monitoring, education, and communica-
tion with a remote care team consisting of a health coach, a medical
provider and social support via an online peer community. The patients
who volunteered to adhere to usual care simply continued to see their
family doctors and received advice on diet. One can hardly imagine this
to be a balanced trial and fair a comparison. Furthermore, a systematic
review of trials comparing the effect of low-carbohydrate diets, diets
with high intake of saturated fats, high intake of monounsaturated fats
or high intake of polyunsaturated fats (PUFA), showed the best results
in terms of reduction of hemoglobin Alc, insulin secretion and re-
sistance with a diet rich in PUFA [32].

It is worrisome that virtually every study involving keto, several
metanalyses of keto as a weigh losing diet [33,34], and a controlled
experiment in healthy subjects [35] demonstrated a significant increase
in LDL-c. Healthy, normal weight volunteers exposed to a 3-week long
keto diet demonstrated a 44% increase in serum LDL-c and a 30% re-
duction in the expression of the LDL-c receptor on the surface of per-
ipheral blood mononuclear cells [35]. In a pediatric study, 141 children
with intractable seizure disorder (the ketogenic diet was introduced as a
treatment for this disorder numerous decades ago) were treated with
the keto diet and strictly monitored for development of a ketogenic
state [36]. Total cholesterol, LDL, VLDL, non-HDL cholesterol, trigly-
cerides and total apoB increased significantly while the HDL level de-
creased significantly after 6 months of treatment. Although attenuated,
a significant increase in all apoB containing lipoproteins persisted at 12
and 24 months from treatment inception.

The supporters of keto maintain that a very-low carbohydrate, high-
fat diet increases the number of large buoyant LDL particles but not that
of the noxious small-dense LDL particles. However, several issues
should be remarked upon. First, the total apoB concentration increases
(as discussed above) and independent of any other consideration this
should be taken as an ominous harbinger. It has been clearly demon-
strated in epidemiological and genetic studies as well as clinical trials
that LDL is the cause of atherosclerosis [37], and none of the many
international guidelines on risk reduction differentiates between large
and small LDL particle size. This is likely due to the weak and con-
flicting evidence that LDL particle size matters more than LDL mass
[15]. Importantly, the number of particles and the serum level of apoB
containing lipoproteins have been clearly shown to increase cardio-
vascular risk, not the size of the LDL particles [38-40]. In a sub-study of
the Multi-Ethnic Study of Atherosclerosis (MESA), small and large LDL
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Fig. 1. Representative carbohydrate content of frequently consumed foods.
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particles were equally associated with increased carotid intima media
thickness after adjustment for confounding [41]. As a result, none of
international or national guidelines focus on small LDL levels but on
LDL mass, non-HDL and/or apoB. Ultimately, the number of apoB
containing lipoproteins circulating in the arterial lumen will determine
the number of particles infiltrating the arterial wall and the number of
particles retained in the subintimal space, where they will promote
atherosclerosis plaque growth. Paradoxically, small dense LDL may
even protect against repeat cardiovascular events [42].

Contrary to the above observations, the benefits of lower fat, mostly
plant-based diets have been demonstrated both in large observational
studies and a few randomized trials. Two recent long-term prospective
observational studies reported on the comparison of plant-based vs
animal-based diets. In a north American study [43], the long-term
(several decades) all-cause and cardiovascular mortality of 131,342
health care professionals was assessed after animal and plant-based
energy intake was gauged with validated and regularly updated food
frequency questionnaires. Animal protein intake was not associated
with increased all-cause mortality but was associated with a significant
increase in cardiovascular mortality (8% increased risk per 10% in-
crease in animal-based energy intake). On the contrary, plant-based
diets were associated with a significant reduction in all-cause and
cardiovascular mortality (10% and 12% decrease respectively per 3%
increase in plant-based energy intake). A switch from an animal to a
plant-based diet was associated with a 34% reduction in all-cause
mortality when 3% of energy from plant protein was substituted for an
equivalent amount of protein from processed red meat, 12% from un-
processed red meat, and 19% from eggs. A more recent Japanese study
[44] confirmed and reinforced the above findings. Among 70,696
adults participating in the Japan Public Health Center-based Pro-
spective Cohort, 12,381 total deaths were recorded over a 20-year
follow-up period after collecting food frequency questionnaires to as-
sess plant vs animal-based protein intake between 1995 and 1999.
Again, animal protein intake was not associated with total or cause-
specific mortality. However, intake of plant protein was associated with
a significantly lower all-cause mortality (11-13% according to quintile
of intake), and lower cardiovascular mortality (16-30% reduction ac-
cording to quintile of intake). As in the north American observation,
isocaloric substitution of 3% energy derived from red meat proteins
with plant-based proteins was associated with a 34% lower all-cause
mortality, 42% lower cardiovascular mortality and even a 39% lower
cancer related mortality. Despite the observational nature of these
studies the findings were undeniably impressive, especially in view of
the large sample size and length of follow-up. An older observation in a
sample of 6500 Chinese adults living in rural areas reported almost
identical findings [45]. The fat intake in rural China was less than half
that in the United States, fiber intake was 3 times higher and animal
protein intake about 10% of the US intake. The mean serum total
cholesterol was 3.2 mmol/L in rural China versus 5.25 mmol/L in the
United States. As a reflection, coronary artery disease mortality was
almost 17-fold greater for American men and 6-fold greater for Amer-
ican women. Mortality from coronary artery disease in rural China was
inversely associated with the frequency of intake of green vegetables
and positively associated with salt intake and plasma apolipoprotein B
levels. Of course, the living conditions were also very different between
the populations studied, and what is frequently missing in observational
studies are the associated lifestyle differences between populations (as
discussed a little later in this review). The merits of a Mediterranean
type diet (high intake of olive oil, fruit, nuts, vegetables, and cereals;
moderate intake of fish and poultry; low intake of dairy products, red
meat, processed meats, and carbohydrates; moderate wine consump-
tion, Fig. 2) were addressed both in secondary and in primary pre-
vention trials.

The Lyon Heart Study was designed to compare the impact of the
Mediterranean diet vs a traditional Western prudent diet in 605 patients
with prior myocardial infarction. Despite the originally planned 5 years
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duration, the study was reported after a mean follow-up of 27 months
due to a highly statistically significant reduction in the rate of re-
infarction and death in the patients following the Mediterranean diet
(risk ratio: 0.27; 95% CI 0.12-0.59, p = 0.001) [46]. These results were
confirmed in the extension study (adjusted risk ratios varying between
0.28 and 0.53) [47]. The nutrients intake was substantially different
between groups: patients following the Mediterranean diet consumed
significantly less lipids, saturated fat, cholesterol, and linoleic acid but
more oleic and alpha-linolenic acids.

In the primary prevention PREDIMED study [48], 7477 patients at
high risk for cardiovascular disease were randomized to a low-fat (AHA
style) diet, or a Mediterranean diet supplemented with either extra-
virgin olive oil (MEDIevoo) or nuts (MEDInuts). After a median follow-
up of 4.8 years there was a significant 31% reduction in the primary
combined endpoint of myocardial infarction, stroke, or death in the
MEDIevoo and 28% reduction in the MEDInuts cohorts compared to the
low-fat diet cohort. Of note, at baseline 50% of the patients enrolled
had diabetes mellitus, the mean BMI was 30 and over 70% of the pa-
tients had dyslipidemias. Adherence to the Mediterranean diet based on
the number of recommended food items consumed per week, was
strongly and inversely associated with risk of developing obesity [49].
Higher consumption of red meat was associated with a higher pre-
valence and incidence of the metabolic syndrome and central obesity
[50]. Conversely, liberal consumption of unsaturated fats was not as-
sociated with weight gain or increase in waist circumference [51].

2.1.4. Summary of the cons position

Naturally, there are numerous opinions on what constitutes a
“healthy diet” and often confusion reigns [52]. As an example, the same
authors of the large five continent PURE observational study reported
conflicting associations, at times favouring fat intake [53-55], and at
times sugar intake [56,57]. However, there are many other aspects
besides diet that affect cardiovascular health at a population level, such
as smoking and regular exercise [58]. The French paradox, that extends
to most of the southern European nations, has been talked about and
dissected extensively: despite a high fat intake, the cardiovascular
morbidity and mortality are very low. However, what differentiates
Mediterranean populations from others is not only the proportional
intake of fat, vegetables, olive oil, nuts and wine. Diet in those counties
is a lifestyle; a way of living that involves pleasure in eating; it entails
seeing a meal as an opportunity to enjoy friends, family and a tasty
portion of food, without too much preoccupation as to the caloric
content of each item on the menu. Exercise is an integral part of life in
Europe where people often commute on foot or by bicycle, and often
stroll after a meal. The benefit of exercise along with a Mediterranean-
style diet has been shown recently. Salas-Salvado et al. [59] rando-
mized 626 adults with the metabolic syndrome to a calorie restricted
Mediterranean diet, plus counseling on daily exercise versus dietary
advice only. The patients who received dietary and exercise counseling
achieved a significant 2.5 kg weight loss in excess of patients given
isolated dietary advice. The keto diet offers several potential benefits
such as substantial weight loss, reduction in insulin secretion and re-
duced hemoglobin Alc among others [60]. Nonetheless, there is cur-
rently no scientific evidence of its ultimate clinical benefit. It is however
reassuring that ClinicalTrail.gov lists over 70 ongoing trials involving
the keto diet that should shed some light on the ultimate question of
long-term benefit.

I am, and always have been, open to innovation but I respect the
scientific discourse. Such approach does not value strong personal
opinions and values facts that stand the rigour of peer review. Beyond
adopting a different feeding approach for the purpose of weight loss,
the keto lifestyle has been embraced by large segments of the popula-
tion with no need to lose weight and without a solid base for it.
Adopting the keto diet beyond the scope of weight loss begs the ques-
tion of its sustainability and long-term safety, but also enjoyment in life.
One can't help but wonder if the attentiveness to labelling certain foods
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Fig. 2. Simplified graphical description of the Mediterranean diet.

The pyramid shows food items typically consumed in this diet in order of least frequently (apex) to most frequently consumed (base of the pyramid) (reproduced with

permission from Oldways Preservation and Exchange Trust).

as ‘bad’ and to be avoided, or ‘good’ and to be consumed induces an
unhealthy preoccupation with food and enhances latent behavioural
eating disorders. Developing a healthy relationship with food is a ne-
cessary part of life. Personally, I am not in favour of any restrictive
approach, and will always support moderation, enjoyable diets and the
promotion of healthy lifestyle habits. After all, dancing the hula may be
all we need to do to improve our cardiovascular health and do so
happily (https://newsroom.heart.org/news/native-hawaiians-lowered-
blood-pressure-with-hula-dancing?preview =1094; Kaholokula et al.
personal communication [61]).

3. Conclusions

These closing remarks try to summarize in an objective way the
state of the current knowledge on this topic. The ketogenic diet induces
a rapid weight loss. It is not entirely clear if the loss is due to water loss,
a special effect of the diet itself (i.e. fat burning) or a reduction in total
calorie intake; in fact, the keto diet is known to induce a quick sense of
satiety that has a potential to reduce total calorie intake. In-house,
controlled studies comparing low-fat versus low-carbohydrate diets did
not demonstrate the superiority of either dietary approach for weight
loss. Other potentially relevant effects of the keto diet are the im-
provement in glycemic control and reduction in triglycerides and small-
dense LDL lipoprotein particles concentration attainable with this nu-
tritional approach. However, the total number of apoB containing li-
poproteins is substantially increased in patients adopting the ketogenic
diet. In view of the risk of cardiovascular disease associated with an
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elevation in apoB containing lipoproteins, subjects without diabetes
and the metabolic syndrome should think carefully whether this life-
style is advisable for any protracted period of time. In contrast, plant-
based diets allowing a daily moderate content of non-saturated fats, and
small amounts of red meats and saturated fats hold for now the best
epidemiological and randomized clinical trial evidence that they are
safe and associated with reduction in several chronic diseases, including
atherosclerotic cardiovascular disease. Numerous ongoing randomized
clinical trials are addressing many unanswered questions about the keto
diet and should provide some of the much-needed evidence many are
waiting for.
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