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OOD CONSUMPTION PROVIDES ESSENTIAL AND NONESSENTIAL NUTRI-

ents in the human body and thereby promotes growth and health. Individu-

al food choice and the potential modification of eating habits are complex
issues, influenced by the availability and acceptability of foods.! The availability of
foods depends on physical, political, and economic factors. From the myriad foods
that are available or potentially available for consumption, the selection is based
on socioeconomic, cultural, and individual factors. Individual foods are parts of
diets; diets are characterized by nutrient content, clustering of foods, and temporal
consumption patterns. The plethora of diets continually expands, and some diets
have been extensively investigated.

We review the underlying rationale for and constituents of the most widely
recognized, scientifically explored, and broadly promoted diets (Fig. 1). We do not
review diets for specific nutritional or metabolic deficiencies or many of the con-
structed dietary indexes. This review is not intended to detail the clinical efficacy
of each diet presented, although we briefly outline some of the well-known poten-
tial effects on health and the underlying mechanisms. Even though most (but not
all) of the dietary modifications have been driven by the desire to control body
weight, we consider important health effects independently of adiposity.

PLANT-BASED DIETS

MEDITERRANEAN DIET
Scientific research on the dietary patterns adopted by people in the Mediterranean
region and the potential health effects of these patterns started after the Second
World War, led by two scientists based in the United States. Leland Allbaugh, the
field director of a survey on the island of Crete that was funded by the Rockefell-
er Foundation, described the diet of Cretan people as “surprisingly good” and
“extremely well adapted to their natural and economic resources as well as their
needs.”” This diet consisted of olives, cereal grains, pulses (edible seeds from le-
gumes), fruits (the typical after-dinner dessert), vegetables, and herbs, together
with limited quantities of goat meat, milk, game, and fish. Bread (whole-grain,
made of barley, wheat, or both) had a predominant role at each meal, and olive oil
accounted for a relatively large proportion of energy intake.

The second scientific investigation that endorsed the health-related attributes
of the Mediterranean diet is the Seven Countries Study, led by Ancel Keys.> The
original design of the study included a comparison of diets and lifestyles among
seven countries that was based on data from one or more cohorts of men in each
country. Rates of death from any cause and death from coronary heart disease
were lower in the cohorts for which olive oil was the main dietary fat than in the
northern European and U.S. cohorts.*

Nowadays, the term Mediterranean diet is used to describe a dietary pattern
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characterized by the predominance of plant
foods (fruits, vegetables, cereals with as little
processing as possible, pulses, nuts, and seeds),
with moderate amounts of dairy products, most-
ly fermented (e.g., cheese and yogurt); low-to-
moderate amounts of fish and poultry; low
amounts of red meat; and usually wine along
with the meal.® This diet has been the most ex-
tensively investigated, representing a potential
dietary modification of great interest for many
health outcomes.

An umbrella review of meta-analyses of ob-
servational studies and randomized clinical tri-
als, with data from more than 12,800,000 par-
ticipants, suggested that the evidence is robust for
a protective association between adherence to the
Mediterranean diet and the following health out-
comes (of 37 examined): death from any cause,
cardiovascular diseases, coronary heart disease,
myocardial infarction, cancer, neurodegenerative
diseases, and diabetes.® The beneficial effects of
the Mediterranean diet may be mediated through
multiple mechanisms, including reductions of
blood lipids and inflammatory and oxidative
stress markers, improvement in insulin sensitivity,
enhancement of endothelial and antithrombotic
function, and even a reduction in cerebral neuro-
degenerative changes.”®

VEGETARIAN DIETS

Vegetarian diets have been adopted since antiq-
uity for ethical or philosophical reasons and as
part of religious commitments. Since the last de-
cades of the 20th century, however, increasing
attention has been given to the associated health
effects of vegetarian diets, as well as the ecologic
benefits (lower greenhouse gas emissions and
less water and land use).” Nowadays, vegetarian-
ism may comprise a range of eating behaviors
characterized by various attitudes, perceptions,
motives, and also social and health dimensions.
A vegetarian diet can be defined as any dietary
pattern that excludes meat, meat-derived foods,
and to varying extents, other animal products,
whereas plant-based is a broader term, used to
characterize dietary patterns that rely mostly on
foods of nonanimal origin but do not exclude
foods of animal origin. The Mediterranean diet is
an example of the latter type. Fruits, vegetables,
grains, nuts, seeds, and legumes or pulses consti-
tute an important part of vegetarian and plant-
based diets.

A vegan diet is a strict form of a vegetarian
diet, consisting of only plant foods and excluding
all foods and beverages that are wholly or partly
derived from animals. In the lacto-vegetarian diet,
dairy products are part of the dietary regimen,
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Figure 1. Relative Consumption of Foods and Nutrients and Temporal Patterns of Consumption Associated with Common Diets.

Data are based on the original or most widely accepted definition of each diet shown. Circle size and color intensity indicate relative
consumption. Empty cells indicate that the nutrients or foods are not included in the original diet definition. Carb denotes carbohydrate,
DASH Dietary Approaches to Stop Hypertension, and MIND Mediterranean—-DASH Intervention for Neurodegenerative Delay.
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and in the ovo-vegetarian diet, eggs can be con-
sumed; in the lacto-ovo-vegetarian diet, the most
common version of the vegetarian diet, both dairy
products and eggs are allowed. The pescatarian
diet allows fish and shellfish, as well as dairy
products and eggs. Finally, there are several ver-
sions of flexible dietary patterns, classified under
the broad umbrella term flexitarian diets, which
are basically vegetarian diets that include some
animal products, with varying amounts and com-
binations.

Given the multitude and multidimensionality
of vegetarian dietary patterns, singling out a spe-
cific biologic mechanism is quite challenging.
Influences on multiple pathways have been in-
voked, including metabolic, inflammatory, and
neurotransmitter pathways; gut microbiota; and
genome instability.!®!! Greater adherence to veg-
etarian diets has been linked to a reduced risk of
cardiovascular diseases, ischemic heart disease
and death from ischemic heart disease, dyslipid-
emia, diabetes, certain types of cancer, and po-
tentially, death from any cause.*’® Associations
between adherence to vegetarian diets and body
composition, anthropometric markers, and body
weight-related measures have been debated.

The more restrictive the diet, the higher the
risk of various nutrient deficiencies.!® Vegans are
particularly susceptible to vitamin B, deficiency,
since vitamin B,, is present only in foods of ani-
mal origin, and lower intakes of other nutrients
(including vitamin B,, niacin, iodine, zinc, cal-
cium, potassium, and selenium) have also been
reported. Nutritional supplementation or inter-
mittent consumption of animal protein in low-
to-moderate amounts (the flexitarian approach)
may mitigate potential adverse health effects.

LOW-FAT DIETS

Because lipids and carbohydrates are the two
macronutrients that make the greatest contribu-
tion to total energy intake in modern diets, a
balance of these macronutrients is the goal of
several dietary modifications for successful
weight management and other health outcomes.
Low-fat diets for weight loss were already in
place before they were promoted by the medical
community to reduce the risk of cardiovascular
disease.”” During the 1980s, dietary fat was
blamed for coronary heart disease and obesity.

Low-fat diets, low-fat products, and the ideology
of low fat became increasingly popular.

Although no definition is universal, when
lipids contribute less than 30% of total energy
intake, the diet is considered to be low in fat. In
very-low-fat diets, 15% or less of total energy
intake is derived from lipids (e.g., a 2000-kcal
diet plan would include <33 g of lipids), leaving
approximately 10 to 15% from proteins and 70%
or more from carbohydrates.'® The Ornish diet is
a type of very-low-fat vegetarian diet in which
lipids contribute 10% to daily calories (ratio of
polyunsaturated to saturated fats, >1) and in
which persons otherwise eat as desired.” The
nutrient adequacy of low-fat and very-low-fat diets
is highly dependent on individual food choices.
Adherence to these diets may be challenging,
since not only many foods of animal origin but
also vegetable oils and oily plant foods (e.g.,
nuts and avocados) must be restricted. Supple-
mentation with fortified products may be con-
sidered in such cases.”

Low-fat diets have been evaluated in several
well-designed studies and dietary interven-
tions,” including the Women’s Health Initiative
Dietary Modification Trial.?? The results of this
trial provided evidence of lower mortality from
breast cancer among women who were advised
to follow a low-fat diet (20% of calories from
lipids) than among those who followed their
usual diet, but the difference was small. Low-fat
interventions appear to lead to weight loss, as
compared with the usual diet, but may be less
effective than low-carbohydrate or other diets.?**
In addition, low-fat diets may have a beneficial
effect on various cardiometabolic factors, in-
cluding blood lipids (particularly low-density
lipoprotein [LDL] cholesterol, but with a con-
troversial, lowering effect on high-density lipo-
protein [HDL] cholesterol) and blood pressure,
with reduced risks of myocardial infarction, dia-
betes, and death from any cause.>*?% However,
the type of fat consumed may also matter. The
literature on the biologic mechanisms linking
various fatty acids with cardiovascular disease
and total lipid intake with obesity is extensive,
and proposed mechanisms for the associations
of low-fat diets with cancer have included im-
mune alterations, antiinflammatory changes,
and fatty acid-related reactive oxygen species
production.”
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CARBOHYDRATE-RESTRICTED DIETS

ATKINS, KETOGENIC, AND LOW-CARBOHYDRATE DIETS

Since the end of the 19th century, there have been
medical reports on the potential health effects of
diets with low—to—very-low carbohydrate content
and no restrictions on lipids, proteins, and total
energy intake. The initial therapeutic focus was
on weight reduction and on the management of
drug-resistant epilepsy. However, the widest pro-
motion of these dietary patterns that induce the
production of ketone bodies came after the pub-
lication of Dr. Atkins’ Diet Revolution in 1972. De-
spite the popularity of these diets, several con-
cerns were raised. The Council on Foods and
Nutrition of the American Medical Association
criticized the scientific evidence behind this ap-
proach and the potentially harmful health ef-
fects, mainly on the cardiovascular system.?

However, in the 2000s, some randomized
controlled trials showed that participants who
were advised to follow diets with the lowest car-
bohydrate content (i.e., versions of the Atkins diet)
had greater weight loss and greater improve-
ments in some risk factors for coronary heart
disease than those assigned to diets with higher
carbohydrate content.>*3* Although the superior-
ity of this dietary modification was not found to
persist in all studies at the follow-up or mainte-
nance phase and although adherence was vari-
able, the scientific community subsequently be-
gan to explore the clinical potential of this diet
more thoroughly.

The term ketogenic is used to describe a vari-
ety of diets. For most persons, consumption of
only 20 to 50 g of carbohydrates per day leads to
the presence of measurable ketones in the urine.
These diets are referred to as very-low-carbohy-
drate ketogenic diets.>* Another classification,
used mostly in the management of drug-resis-
tant epilepsy, is based on the ratio of dietary
lipids to the sum of dietary proteins and carbo-
hydrates.® In the classic or most strict version,
this ratio is 4:1 (diets in which <5% of energy is
derived from carbohydrates), whereas in the
most relaxed option, the ratio is 1:1 (the modi-
fied Atkins diet, with approximately 10% of en-
ergy from carbohydrates), with several options
in between.

Diets containing higher amounts of carbohy-
drates (50 to 150 g per day) are still considered

to be low in carbohydrates, as compared with
the usual consumption, but these diets may not
induce the metabolic changes of the very-low-
carbohydrate diets. In practical terms, any diet
in which carbohydrates contribute less than 40
to 45% of total energy intake, a percentage that
is assumed to represent the average carbohy-
drate consumption, can be classified as low in
carbohydrates. Several popular diets may fall
into this category. In the Zone diet, 30% of calo-
ries are from protein, 30% are from lipids, and
40% are from carbohydrates, and every meal
should conform to a protein-to-carbohydrate ratio
of 0.75.% The Zone diet, along with the South
Beach diet and other low-carbohydrate diets,
promotes the consumption of complex carbohy-
drates, with the aim of reducing postprandial
serum insulin concentrations.?

Diets that restrict carbohydrates concomitantly
induce metabolic changes, to a greater or lesser
extent, that are similar to those seen during a
starvation state (e.g., changes in plasma levels of
free fatty acids, insulin, glucose, and ketone bod-
ies).?® Since a decrease in one particular macronu-
trient is always accompanied by a parallel in-
crease in another macronutrient, it is important
to evaluate these diets by taking into account not
only the low carbohydrate content but also the
high content of lipids, protein, or both.

Evidence from long-term studies (i.e., >0
months) suggests that diets that are very low or
low in carbohydrates result in weight loss that is
equivalent to — not better than — that achieved
with other diets that have a higher carbohydrate
content.* On the other hand, randomized con-
trolled trials have shown that low-carbohydrate
ketogenic diets effectively reduce cardiovascular
risk factors (levels of blood glucose, glycated
hemoglobin, and certain but not all blood lip-
ids), especially in patients with overweight or
obesity and type 2 diabetes.*** Ketogenic diets
have been reported to significantly reduce body
weight and fat mass in patients with cancer.”
Interest is growing in the potential effects of
these diets on schizophrenia and mood disor-
ders, as well as the role of these diets in relation
to cognitive function, Alzheimer’s disease, and
other dementias.”*

The anticonvulsant effect of the ketogenic diet
occurs through a series of potential mechanisms
that stabilize synaptic function and increase resis-
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tance to seizures. Such mechanisms are not fully
understood but include central nervous system
carbohydrate reduction and glycolysis inhibition,
changes in neuronal excitability by ATP-sensitive
potassium channels through alterations in mito-
chondrial function, inhibition of the mammalian
target of rapamycin (mTOR) pathway, and inhibi-
tion of glutamatergic excitatory synaptic trans-
mission.* Thus, low-carbohydrate ketogenic diets
seem to reduce the frequency of seizures in chil-
dren with drug-resistant epilepsy.*® Benefits in
seizure control appear in the short-to-medium
term and seem to be similar to the benefits of
current antiepileptic drugs.” Some efficacy in
seizure reduction, albeit not as great, has been
shown with less restrictive forms of the keto-
genic diet.***” Ketogenic diets may also reduce
the frequency of seizures in adults with drug-
resistant epilepsy, although the evidence is uncer-
tain,” and some promising results have been
reported in adults with super-refractory status
epilepticus.”®* The most commonly reported ad-
verse clinical effects of the ketogenic diets include
gastrointestinal symptoms, such as constipation,
and dyslipidemia (potentially related to animal
sources of protein, which are often rich in satu-
rated fatty acids and fat).*®*

LOW-GLYCEMIC-INDEX DIET

The glycemic index, a classification system that
measures (on a scale from 1 to 100) the degree
to which a particular food increases blood glu-
cose levels, supplements the information about
macronutrient composition.’®>* The value of the
glycemic index of a food or a meal depends not
only on the nature of the carbohydrates in-
cluded but also on other food and nonfood
factors that affect nutrient digestibility or insu-
lin secretion. In general, nonstarchy vegetables,
fruits, legumes, and whole-grain cereals induce
low glycemic responses and are part of a low-
glycemic-index diet. Meat, fish, poultry, eggs,
and most dairy products also have a very low
glycemic index. Low-glycemic-index diets may
be a tool in the management of diabetes, as
well as related cardiometabolic conditions and
diseases, particularly in the context of glucose
dysregulation.>>>

PALEOLITHIC DIET
No universal dietary regimen was adopted by all
humans during the Stone Age. However, as indi-

cated by studies using isotopes, the basic foods
in the diet of hunter-gatherers were uncultivated
plants (fruits, roots, and vegetables), some wild
game, fish, and sometimes, honey.>* This diet
was very high in fiber and contained varying
amounts of fats, and protein was predominantly
from animal sources. Most carbohydrates were
derived from vegetables and fruits, with little
contribution from cereal grains and none from
sugar-containing foods or dairy products. The
Paleolithic diet (or Paleo diet) has become a popu-
lar diet in the media. Several definitions of this diet
have been used in the scientific and nonscientific
literature, with lists of the foods that should be
included (vegetables, fruits, lean meat, fish, nuts,
and eggs) and excluded (grains or cereals, dairy
products, legumes, added sugar and salt, and re-
fined fats).” The Paleolithic diet is generally con-
sidered to be a low-carbohydrate diet, but in some
versions of it, carbohydrates account for up to 45%
of total daily energy intake.*

It has been postulated that the scarcity of
high-glycemic-index and processed foods in the
Paleolithic diet may beneficially affect insulin
resistance and inflammation mechanisms.>” This
diet has been associated with improvements in
insulin resistance and diabetes, dyslipidemia, hy-
pertension, and inflammation,’”>® as well as body
composition and weight-related measures.>”** The
evidence regarding the clinical efficacy of the
Paleolithic diet is not as extensive as the evi-
dence for other diets,*® and any benefit is a focus
of investigation.

DASH DIET

In the early 1990s, a multicenter, randomized
clinical trial, Dietary Approaches to Stop Hyper-
tension (DASH), was conducted to test the effect
of dietary patterns on blood-pressure control.®*
Participants assigned to the trial diet for 8 weeks
had greater reductions in blood pressure (by 5.5
mm Hg systolic and by 3.0 mm Hg diastolic, on
average) than participants assigned to a control
diet. On the basis of this evidence, the trial diet,
called the DASH diet, was identified as an effec-
tive strategy for preventing and treating hyper-
tension. The diet is rich in fruits and vegetables
(five and four servings per day, respectively) and
low-fat dairy products (two servings per day),
and it contains low amounts of saturated lipids
and cholesterol and relatively low total lipid levels.
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With this diet, potassium, magnesium, and cal-
cium levels are close to the 75th percentile of
consumption in the U.S. population, and the
diet includes high amounts of fiber and pro-
teins. Basic and clinical research has linked al-
terations in these and other nutrients in the
DASH diet to multiple physiological mechanisms
affecting blood-pressure control, glucose toler-
ance, inflammation, oxidative stress, fat absorp-
tion, and adipogenesis.®

Since the original report, the DASH diet has
been studied in relation to several disorders, in
addition to hypertension. Greater adherence to
this diet has been associated with a significant
reduction in all-cause mortality,® and results
from multiple observational studies suggested
associations with reductions in the incidence of
cancer and cancer-related mortality.® An um-
brella review of meta-analyses showed that on
the basis of prospective cohort data for a total
population of approximately 950,000 partici-
pants, greater adherence to the DASH diet was
associated with a decreased incidence of car-
diovascular disease, coronary heart disease,
stroke, and metabolic diseases such as diabe-
tes.® The controlled trials showed decreases in
diastolic and systolic blood pressure and in
several metabolic measures, including insulin
and glycated hemoglobin levels and total and
LDL cholesterol levels, as well as reductions in
body weight.** Modifications or improvements
of the DASH diet have also been proposed, such
as the DASH-sodium diet,® combining the
DASH diet with low sodium intake, and the
OmniHeart diet,°® in which a partial replace-
ment of carbohydrates with protein (about half
from plant sources) or with unsaturated fatty
acids (predominantly monounsaturated) is ad-
vised.

MIND DIET

MIND (Mediterranean—DASH Intervention for
Neurodegenerative Delay) is a dietary pattern
that was conceived to address the needs of a
specific health outcome, cognitive function. Built
on the findings of previous research on nutrition
and cognition or dementia, MIND combines fea-
tures of the Mediterranean and DASH diets.”’
The emphasis is on consumption of plant foods
(whole grains, vegetables, beans, and nuts),
with a unique focus on berries and green, leafy

vegetables. The diet restricts consumption of
red meat, as well as other foods with high total
and saturated lipid content (fast and fried foods,
cheese, butter and margarine, and pastries and
sweets), and olive oil is the primary oil in the
diet. Consumption of fish more than once a
week and poultry more than twice a week is
recommended. MIND has shown some potential
benefits with respect to cognitive outcomes®®
and is being actively investigated in random-
ized clinical trials.®®

TIME-RESTRICTED DIETS

Fasting (i.e., no ingestion of food or caloric
beverages for periods ranging from 12 hours to
a few weeks) has been practiced for centuries.
Many religions recommend periods of fasting
for believers (e.g., Muslim Ramadan) as a mark
of devotion, self-restriction, and denial of phys-
ical needs, as well as an opportunity for intro-
spection. Clinical investigations have largely
focused on fasting for the long-term effects on
aging, metabolic dysregulation, and energy bal-
ance. Fasting is distinct from caloric restric-
tion, in which energy intake is reduced by a
certain percentage, usually 20 to 40%, but meal
frequency is maintained.

Intermittent fasting has emerged as a less
demanding alternative to continuous fasting. It
is an umbrella term describing various regimens
that include alternating periods of fasting or
restrictive eating and periods of normal eating
or eating as desired.”” The approaches used so
far can be categorized into two major types. For
the first type, the period of reference is the week.
In alternate-day fasting, fasting is practiced ev-
ery other day, with each fasting day followed by
a day of unrestricted food intake, whereas in
alternate-day modified fasting, a very-low-calorie
diet is alternated with eating as desired. Fasting
may be practiced for 2 consecutive or noncon-
secutive days, with normal eating for the re-
maining 5 days (the 5:2 diet). Other approaches
include consecutive days of restrictive eating (a
very-low-calorie diet for 5 days) followed by
periods of unrestricted food intake (for at least
10 days). In the second type of intermittent fast-
ing, time-restricted eating, the day is the period
of reference, and eating takes place only during
a specific period during the day (usually a period
of 8 or 10 hours).
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When eating is modified to accommodate
intermittent fasting, a metabolic switch in fuel
source use takes place, from glucose to fatty
acids and ketone bodies, with subsequently
greater efficiency in energy production,”>”? as
well as multiple effects on cell and organ func-
tions, including increased resistance to stress.”
Evidence supporting the long-term effects and
clinical benefits of intermittent fasting as com-
pared with continuous energy restriction is
scarce and debatable.”” However, some prelimi-
nary studies in humans and animals have
found intermittent fasting to be related to im-
provements in a wide range of health condi-
tions, disorders, and indicators of cardiovascu-
lar health, such as glucose regulation and
diabetes, body composition indexes, abdominal
fat and obesity, dyslipidemia, hypertension, and
inflammation.””’>"*7> Because intermittent fast-
ing is thought to have positive effects on ener-
gy metabolism, reduce the growth potential of
cancer cells, and increase the susceptibility of
cancer cells to treatment,’”? the clinical effects
of intermittent fasting on cancer initiation and
progression are of interest.”® Similarly, because
of the preclinical evidence of the effects of in-
termittent fasting on neurodegenerative pro-
cesses and other brain biologic pathways,” re-
cent research focuses on the possible effects on
neuropsychiatric disorders.””

CONCLUSIONS

From a medical research perspective, a focus
on the elucidation of efficacy and the biologic
mechanisms linking specific diets with various
health outcomes is justifiable. An important
requirement for such investigations is agree-
ment on the definition of each diet. However,
the great variation in the diets that have been
investigated makes standardization and evalua-
tion difficult tasks. Additional challenges are
the relatively limited evidence from randomized
clinical trials, the reliance on single-blind di-
etary interventions, variable degrees of adher-
ence, and other inherent limitations of this re-
search, including dietary measurement errors,
potential confounding factors, and the magni-
tude of the effect size, all of which have been
widely discussed.”®” Evidence is also limited for

comparisons of one potentially healthy diet with
another potentially healthy diet, although a re-
cent investigation attempted such comparisons
mostly between constructed dietary indexes.3°

Diets have been developed in different his-
torical and cultural frameworks and for differ-
ent populations and groups of patients, which
poses difficulties for clinical translation into
everyday practice. Although health effects and
transferability of diets have been shown for
some ethnic groups and locations around the
world, adaptation to other cultures and under-
represented groups can be challenging. Recent
advances with regard to nutrient biomarkers,
imaging, and other diagnostic techniques, as
well as our understanding of the microbiome
and food exposome, the interaction of these
factors with the genome, and multi-omics ap-
proaches, might enable the construction of in-
dividualized profiles and a more personalized
application of diets for small groups or indi-
viduals.®! Potential adherence should also be
taken into account. Adherence may decrease
over time, and higher discontinuation rates
have been recorded for more restrictive dietary
patterns.

Although many diets have been developed
with the initial aim of controlling body weight,
dietary composition also has important health
effects that are independent of the effects on
adiposity. An overall inspection of the literature
suggests that plant-based diets with a moderate
lipid content, characterized by the consump-
tion of vegetables, fruits, whole-grain cereals,
legumes or pulses, nuts, and unsaturated fats,
with low-to-moderate amounts of poultry and
seafood and low quantities of red meat and
sugar, may offer substantial health benefits. The
Mediterranean diet may be an option, at least for
some population groups.

Educating health professionals about diets and
the potential effects of these diets on diseases is
imperative. Advice on healthy eating should be
incorporated into clinical practice and taught in
medical curricula, and health care professionals
should propose variations of plant-based diets
by considering individual preferences, cost, af-
fordability, and cultural issues.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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