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Food 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.1 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.

Pl a n t-B a sed Die t s

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.”2 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.3 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.4

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.5 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.6 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.7,8

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).9 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, 

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.10,11 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.12-15 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.16 Vegans are 
particularly susceptible to vitamin B12 deficiency, 
since vitamin B12 is present only in foods of ani-
mal origin, and lower intakes of other nutrients 
(including vitamin B2, 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.

L ow-Fat Die t s

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.17 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.18 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.19 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.20

Low-fat diets have been evaluated in several 
well-designed studies and dietary interven-
tions,21 including the Women’s Health Initiative 
Dietary Modification Trial.22 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.23,24 
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.23,25-27 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.28
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C a r boh y dr ate-R es tr ic ted Die t s

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.29

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.30-33 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.34 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.35 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 0.75.36 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.37

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).38 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., >6 
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.39 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.40,41 Ketogenic diets 
have been reported to significantly reduce body 
weight and fat mass in patients with cancer.42 
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.43,44

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.45 Thus, low-carbohydrate ketogenic diets 
seem to reduce the frequency of seizures in chil-
dren with drug-resistant epilepsy.46 Benefits in 
seizure control appear in the short-to-medium 
term and seem to be similar to the benefits of 
current antiepileptic drugs.47 Some efficacy in 
seizure reduction, albeit not as great, has been 
shown with less restrictive forms of the keto-
genic diet.46,47 Ketogenic diets may also reduce 
the frequency of seizures in adults with drug-
resistant epilepsy, although the evidence is uncer-
tain,47 and some promising results have been 
reported in adults with super-refractory status 
epilepticus.48 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).48,49

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.50,51 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.52,53

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.54 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).55 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.56

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.57 This 
diet has been associated with improvements in 
insulin resistance and diabetes, dyslipidemia, hy-
pertension, and inflammation,57,58 as well as body 
composition and weight-related measures.57,59 The 
evidence regarding the clinical efficacy of the 
Paleolithic diet is not as extensive as the evi-
dence for other diets,60 and any benefit is a focus 
of investigation.

DA SH Die t

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.61 
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.62

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,63 and results 
from multiple observational studies suggested 
associations with reductions in the incidence of 
cancer and cancer-related mortality.63 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.64 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.64 Modifications or improvements 
of the DASH diet have also been proposed, such 
as the DASH-sodium diet,65 combining the 
DASH diet with low sodium intake, and the 
OmniHeart diet,66 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 Die t

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.67 
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 outcomes68 
and is being actively investigated in random-
ized clinical trials.69

Time-R es tr ic ted Die t s

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.70 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,71,72 as 
well as multiple effects on cell and organ func-
tions, including increased resistance to stress.72 
Evidence supporting the long-term effects and 
clinical benefits of intermittent fasting as com-
pared with continuous energy restriction is 
scarce and debatable.73 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.70,72,74,75 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,72 the clinical effects 
of intermittent fasting on cancer initiation and 
progression are of interest.76 Similarly, because 
of the preclinical evidence of the effects of in-
termittent fasting on neurodegenerative pro-
cesses and other brain biologic pathways,72 re-
cent research focuses on the possible effects on 
neuropsychiatric disorders.77

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.78,79 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.80

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.81 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.32

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.

The New England Journal of Medicine
Downloaded from nejm.org by MARY YANNAKOULIA on June 12, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



n engl j med 390;22 nejm.org June 13, 2024 2105

Diets

References
1. Fieldhouse P. Food and nutrition: cus-
toms and culture. London: Chapman & 
Hall, 1986.
2. Allbaugh LG. Crete: a case study of an 
underdeveloped area. Princeton, NJ:  Princ-
eton University Press, 1953.
3. Keys A. Coronary heart disease in 
seven countries. I. The study program 
and objectives. Circulation 1970; 41: Suppl: 
 I-1-I-8.
4. Keys A, Menotti A, Karvonen MJ, et al. 
The diet and 15-year death rate in the 
seven countries study. Am J Epidemiol 
1986; 124: 903-15.
5. Yannakoulia M, Kontogianni M, Scar-
meas N. Cognitive health and Mediterra-
nean diet: just diet or lifestyle pattern? 
Ageing Res Rev 2015; 20: 74-8.
6. Dinu M, Pagliai G, Casini A, Sofi F. 
Mediterranean diet and multiple health 
outcomes: an umbrella review of meta-
analyses of observational studies and ran-
domised trials. Eur J Clin Nutr 2018; 72: 
30-43.
7. Schwingshackl L, Morze J, Hoffmann 
G. Mediterranean diet and health status: 
active ingredients and pharmacological 
mechanisms. Br J Pharmacol 2020; 177: 
1241-57.
8. Rainey-Smith SR, Gu Y, Gardener SL, 
et al. Mediterranean diet adherence and 
rate of cerebral Aβ-amyloid accumula-
tion: data from the Australian Imaging, 
Biomarkers and Lifestyle Study of Ageing. 
Transl Psychiatry 2018; 8: 238.
9. Leitzmann C. Vegetarian nutrition: 
past, present, future. Am J Clin Nutr 2014; 
100: Suppl 1: 496S-502S.
10. Medawar E, Huhn S, Villringer A, Ve-
ronica Witte A. The effects of plant-based 
diets on the body and the brain: a system-
atic review. Transl Psychiatry 2019; 9: 226.
11. Gajski G, Gerić M, Jakaša I, et al. In-
flammatory, oxidative and DNA damage 
status in vegetarians: is the future of hu-
man diet green? Crit Rev Food Sci Nutr 
2023; 63: 3189-221.
12. Dybvik JS, Svendsen M, Aune D. Veg-
etarian and vegan diets and the risk of car-
diovascular disease, ischemic heart dis-
ease and stroke: a systematic review and 
meta-analysis of prospective cohort stud-
ies. Eur J Nutr 2023; 62: 51-69.
13. Dinu M, Abbate R, Gensini GF, Casini 
A, Sofi F. Vegetarian, vegan diets and mul-
tiple health outcomes: a systematic review 
with meta-analysis of observational stud-
ies. Crit Rev Food Sci Nutr 2017; 57: 3640-9.
14. Parra-Soto S, Ahumada D, Petermann-
Rocha F, et al. Association of meat, vege-
tarian, pescatarian and fish-poultry diets 
with risk of 19 cancer sites and all cancer: 
findings from the UK Biobank prospec-
tive cohort study and meta-analysis. BMC 
Med 2022; 20: 79.

15. Siqueira CHIA, Esteves LG, Duarte 
CK. Plant-based diet index score is not as-
sociated with body composition: a sys-
tematic review and meta-analysis. Nutr 
Res 2022; 104: 128-39.
16. Herpich C, Müller-Werdan U, Norman 
K. Role of plant-based diets in promoting 
health and longevity. Maturitas 2022; 165: 
47-51.
17. La Berge AF. How the ideology of low 
fat conquered America. J Hist Med Allied 
Sci 2008; 63: 139-77.
18. Lichtenstein AH, Van Horn L. Very 
low fat diets. Circulation 1998; 98: 935-9.
19. Ornish D, Brown SE, Scherwitz LW, et 
al. Can lifestyle changes reverse coronary 
heart disease? The Lifestyle Heart Trial. 
Lancet 1990; 336: 129-33.
20. Dunn-Emke SR, Weidner G, Pettengill 
EB, Marlin RO, Chi C, Ornish DM. Nutri-
ent adequacy of a very low-fat vegan diet. 
J Am Diet Assoc 2005; 105: 1442-6.
21. Sylvetsky AC, Edelstein SL, Walford 
G, et al. A high-carbohydrate, high-fiber, 
low-fat diet results in weight loss among 
adults at high risk of type 2 diabetes.  
J Nutr 2017; 147: 2060-6.
22. Prentice RL, Anderson GL. The wom-
en’s health initiative: lessons learned. 
Annu Rev Public Health 2008; 29: 131-50.
23. Mansoor N, Vinknes KJ, Veierød MB, 
Retterstøl K. Effects of low-carbohydrate 
diets v. low-fat diets on body weight and 
cardiovascular risk factors: a meta-anal-
ysis of randomised controlled trials. Br  
J Nutr 2016; 115: 466-79.
24. Tobias DK, Chen M, Manson JE, Lud-
wig DS, Willett W, Hu FB. Effect of low-fat 
diet interventions versus other diet interven-
tions on long-term weight change in adults: 
a systematic review and meta-analysis. 
Lancet Diabetes Endocrinol 2015; 3: 968-79.
25. Karam G, Agarwal A, Sadeghirad B, et 
al. Comparison of seven popular struc-
tured dietary programmes and risk of 
mortality and major cardiovascular events 
in patients at increased cardiovascular 
risk: systematic review and network meta-
analysis. BMJ 2023; 380: e072003.
26. Lu M, Wan Y, Yang B, Huggins CE, Li 
D. Effects of low-fat compared with high-
fat diet on cardiometabolic indicators in 
people with overweight and obesity with-
out overt metabolic disturbance: a sys-
tematic review and meta-analysis of ran-
domised controlled trials. Br J Nutr 2018; 
119: 96-108.
27. Shan Z, Guo Y, Hu FB, Liu L, Qi Q. 
Association of low-carbohydrate and low-
fat diets with mortality among US adults. 
JAMA Intern Med 2020; 180: 513-23.
28. Seid H, Rosenbaum M. Low carbohy-
drate and low-fat diets: what we don’t 
know and why we should know it. Nutri-
ents 2019; 11: 2749.

29. American Medical Association Coun-
cil on Foods and Nutrition. A critique of 
low-carbohydrate ketogenic weight re-
duction regimens: a review of Dr. Atkins’ 
diet revolution. JAMA 1973; 224: 1415-9.
30. Foster GD, Wyatt HR, Hill JO, et al. A 
randomized trial of a low-carbohydrate 
diet for obesity. N Engl J Med 2003; 348: 
2082-90.
31. Gardner CD, Kiazand A, Alhassan S, 
et al. Comparison of the Atkins, Zone, Or-
nish, and LEARN diets for change in 
weight and related risk factors among 
overweight premenopausal women: the A 
TO Z Weight Loss Study: a randomized 
trial. JAMA 2007; 297: 969-77.
32. Dansinger ML, Gleason JA, Griffith 
JL, Selker HP, Schaefer EJ. Comparison of 
the Atkins, Ornish, Weight Watchers, and 
Zone diets for weight loss and heart dis-
ease risk reduction: a randomized trial. 
JAMA 2005; 293: 43-53.
33. Shai I, Schwarzfuchs D, Henkin Y, et 
al. Weight loss with a low-carbohydrate, 
Mediterranean, or low-fat diet. N Engl  
J Med 2008; 359: 229-41.
34. Westman EC, Feinman RD, Mavro-
poulos JC, et al. Low-carbohydrate nutri-
tion and metabolism. Am J Clin Nutr 
2007; 86: 276-84.
35. Dhamija R, Eckert S, Wirrell E. Keto-
genic diet. Can J Neurol Sci 2013; 40: 158-67.
36. Sears B, Bell S. The zone diet: an anti-
inf lammatory, low glycemic-load diet. 
Metab Syndr Relat Disord 2004; 2: 24-38.
37. Lara-Castro C, Garvey WT. Diet, insu-
lin resistance, and obesity: zoning in on 
data for Atkins dieters living in South 
Beach. J Clin Endocrinol Metab 2004; 89: 
4197-205.
38. Schutz Y, Montani J-P, Dulloo AG. 
Low-carbohydrate ketogenic diets in body 
weight control: a recurrent plaguing issue 
of fad diets? Obes Rev 2021; 22: Suppl 2: 
e13195.
39. Kirkpatrick CF, Bolick JP, Kris-Ether-
ton PM, et al. Review of current evidence 
and clinical recommendations on the ef-
fects of low-carbohydrate and very-low-
carbohydrate (including ketogenic) diets 
for the management of body weight and 
other cardiometabolic risk factors: a sci-
entific statement from the National Lipid 
Association Nutrition and Lifestyle Task 
Force. J Clin Lipidol 2019; 13(5): 689-711.e1.
40. Parry-Strong A, Wright-McNaughton 
M, Weatherall M, et al. Very low carbohy-
drate (ketogenic) diets in type 2 diabetes: 
a systematic review and meta-analysis of 
randomized controlled trials. Diabetes 
Obes Metab 2022; 24: 2431-42.
41. Jayedi A, Zeraattalab-Motlagh S, Jab-
barzadeh B, et al. Dose-dependent effect 
of carbohydrate restriction for type 2 dia-
betes management: a systematic review 

The New England Journal of Medicine
Downloaded from nejm.org by MARY YANNAKOULIA on June 12, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



n engl j med 390;22 nejm.org June 13, 20242106

Diets

and dose-response meta-analysis of ran-
domized controlled trials. Am J Clin Nutr 
2022; 116: 40-56.
42. Zhao H, Jin H, Xian J, Zhang Z, Shi J, 
Bai X. Effect of ketogenic diets on body 
composition and metabolic parameters of 
cancer patients: a systematic review and 
meta-analysis. Nutrients 2022; 14: 4192.
43. Sethi S, Ford JM. The role of ketogen-
ic metabolic therapy on the brain in seri-
ous mental illness: a review. J Psychiatr 
Brain Sci 2022; 7(5): e220009.
44. Yassine HN, Self W, Kerman BE, et al. 
Nutritional metabolism and cerebral bio-
energetics in Alzheimer’s disease and re-
lated dementias. Alzheimers Dement 2022 
December 8 (Epub ahead of print).
45. Danial NN, Hartman AL, Stafstrom 
CE, Thio LL. How does the ketogenic diet 
work? Four potential mechanisms. J Child 
Neurol 2013; 28: 1027-33.
46. Mhanna A, Mhanna M, Beran A, Al-
Chalabi M, Aladamat N, Mahfooz N. 
Modified Atkins diet versus ketogenic diet 
in children with drug-resistant epilepsy: 
a meta-analysis of comparative studies. 
Clin Nutr ESPEN 2022; 51: 112-9.
47. Martin-McGill KJ, Bresnahan R, Levy 
RG, Cooper PN. Ketogenic diets for drug-
resistant epilepsy. Cochrane Database Syst 
Rev 2020; 6: CD001903.
48. McDonald TJW, Cervenka MC. Keto-
genic diets for adult neurological disor-
ders. Neurotherapeutics 2018; 15: 1018-31.
49. Kwiterovich PO Jr, Vining EPG, Pyzik 
P, Skolasky R Jr, Freeman JM. Effect of a 
high-fat ketogenic diet on plasma levels of 
lipids, lipoproteins, and apolipoproteins 
in children. JAMA 2003; 290: 912-20.
50. Jenkins DJ, Wolever TM, Taylor RH, et 
al. Glycemic index of foods: a physiologi-
cal basis for carbohydrate exchange. Am J 
Clin Nutr 1981; 34: 362-6.
51. Ludwig DS. The glycemic index: phys-
iological mechanisms relating to obesity, 
diabetes, and cardiovascular disease. JAMA 
2002; 287: 2414-23.
52. Chiavaroli L, Lee D, Ahmed A, et al. 
Effect of low glycaemic index or load di-
etary patterns on glycaemic control and 
cardiometabolic risk factors in diabetes: 
systematic review and meta-analysis of 
randomised controlled trials. BMJ 2021; 
374: n1651.
53. Zafar MI, Mills KE, Zheng J, et al. Low-
glycemic index diets as an intervention for 
diabetes: a systematic review and meta-
analysis. Am J Clin Nutr 2019; 110: 891-902.
54. Eaton SB, Eaton SB III, Konner MJ. 
Paleolithic nutrition revisited: a twelve-
year retrospective on its nature and impli-
cations. Eur J Clin Nutr 1997; 51: 207-16.
55. de la O V, Zazpe I, Martínez JA, et al. 
Scoping review of Paleolithic dietary pat-
terns: a definition proposal. Nutr Res Rev 
2021; 34: 78-106.

56. Ruffett A, Collard M. An assessment 
of the impact of cross-cultural variation 
in plant macronutrients on the recom-
mendations of the Paleo Diet. Am J Clin 
Nutr 2023; 117: 777-84.
57. Manheimer EW, van Zuuren EJ, Fe-
dorowicz Z, Pijl H. Paleolithic nutrition 
for metabolic syndrome: systematic re-
view and meta-analysis. Am J Clin Nutr 
2015; 102: 922-32.
58. Sohouli MH, Fatahi S, Lari A, et al. 
The effect of paleolithic diet on glucose 
metabolism and lipid profile among pa-
tients with metabolic disorders: a system-
atic review and meta-analysis of random-
ized controlled trials. Crit Rev Food Sci 
Nutr 2022; 62: 4551-62.
59. de Menezes EVA, Sampaio HAC, Ca-
rioca AAF, et al. Influence of Paleolithic 
diet on anthropometric markers in chron-
ic diseases: systematic review and meta-
analysis. Nutr J 2019; 18: 41.
60. Dinu M, Pagliai G, Angelino D, et al. 
Effects of popular diets on anthropomet-
ric and cardiometabolic parameters: an 
umbrella review of meta-analyses of ran-
domized controlled trials. Adv Nutr 2020; 
11: 815-33.
61. Appel LJ, Moore TJ, Obarzanek E, et 
al. A clinical trial of the effects of dietary 
patterns on blood pressure. N Engl J Med 
1997; 336: 1117-24.
62. Akhlaghi M. Dietary Approaches to 
Stop Hypertension (DASH): potential 
mechanisms of action against risk factors 
of the metabolic syndrome. Nutr Res Rev 
2020; 33: 1-18.
63. Schwingshackl L, Bogensberger B, 
Hoffmann G. Diet quality as assessed 
by the Healthy Eating Index, Alternate 
Healthy Eating Index, Dietary Approaches 
to Stop Hypertension score, and health 
outcomes: an updated systematic review 
and meta-analysis of cohort studies. J Acad 
Nutr Diet 2018; 118(1): 74-100.e11.
64. Chiavaroli L, Viguiliouk E, Nishi SK, 
et al. DASH dietary pattern and cardio-
metabolic outcomes: an umbrella review 
of systematic reviews and meta-analyses. 
Nutrients 2019; 11: 338.
65. Sacks FM, Svetkey LP, Vollmer WM, et 
al. Effects on blood pressure of reduced 
dietary sodium and the Dietary Ap-
proaches to Stop Hypertension (DASH) 
diet. N Engl J Med 2001; 344: 3-10.
66. Appel LJ, Sacks FM, Carey VJ, et al. 
Effects of protein, monounsaturated fat, 
and carbohydrate intake on blood pres-
sure and serum lipids: results of the Om-
niHeart randomized trial. JAMA 2005; 
294: 2455-64.
67. Morris MC, Tangney CC, Wang Y, 
Sacks FM, Bennett DA, Aggarwal NT. 
MIND diet associated with reduced inci-
dence of Alzheimer’s disease. Alzheimers 
Dement 2015; 11: 1007-14.

68. Scarmeas N, Anastasiou CA, Yanna-
koulia M. Nutrition and prevention of cog-
nitive impairment. Lancet Neurol 2018; 17: 
1006-15.
69. Barnes LL, Dhana K, Liu X, et al. Trial 
of the MIND diet for prevention of cogni-
tive decline in older persons. N Engl J Med 
2023; 389: 602-11.
70. Varady KA, Cienfuegos S, Ezpeleta M, 
Gabel K. Clinical application of intermit-
tent fasting for weight loss: progress and 
future directions. Nat Rev Endocrinol 
2022; 18: 309-21.
71. Di Francesco A, Di Germanio C, Ber-
nier M, de Cabo R. A time to fast. Science 
2018; 362: 770-5.
72. de Cabo R, Mattson MP. Effects of in-
termittent fasting on health, aging, and 
disease. N Engl J Med 2019; 381: 2541-51.
73. Allaf M, Elghazaly H, Mohamed OG, 
et al. Intermittent fasting for the preven-
tion of cardiovascular disease. Cochrane 
Database Syst Rev 2021; 1: CD013496.
74. Patikorn C, Roubal K, Veettil SK, et al. 
Intermittent fasting and obesity-related 
health outcomes: an umbrella review of 
meta-analyses of randomized clinical trials. 
JAMA Netw Open 2021; 4(12): e2139558.
75. Redman LM, Smith SR, Burton JH, 
Martin CK, Il’yasova D, Ravussin E. Met-
abolic slowing and reduced oxidative 
damage with sustained caloric restric-
tion support the rate of living and oxida-
tive damage theories of aging. Cell Metab 
2018; 27(4): 805-815.e4.
76. Lv M, Zhu X, Wang H, Wang F, Guan 
W. Roles of caloric restriction, ketogenic 
diet and intermittent fasting during initi-
ation, progression and metastasis of can-
cer in animal models: a systematic review 
and meta-analysis. PLoS One 2014; 9(12): 
e115147.
77. Fernández-Rodríguez R, Martínez-
Vizcaíno V, Mesas AE, Notario-Pacheco B, 
Medrano M, Heilbronn LK. Does inter-
mittent fasting impact mental disorders? 
A systematic review with meta-analysis. 
Crit Rev Food Sci Nutr 2023; 63: 11169-84.
78. Subar AF, Freedman LS, Tooze JA, et 
al. Addressing current criticism regarding 
the value of self-report dietary data. J Nutr 
2015; 145: 2639-45.
79. Satija A, Stampfer MJ, Rimm EB, Wil-
lett W, Hu FB. Perspective: are large, sim-
ple trials the solution for nutrition re-
search? Adv Nutr 2018; 9: 378-87.
80. Wang P, Song M, Eliassen AH, et al. 
Optimal dietary patterns for prevention of 
chronic disease. Nat Med 2023; 29: 719-28.
81. Yassine HN, Samieri C, Livingston G, 
et al. Nutrition state of science and demen-
tia prevention: recommendations of the 
Nutrition for Dementia Prevention Work-
ing Group. Lancet Healthy Longev 2022; 
3(7): e501-e512.
Copyright © 2024 Massachusetts Medical Society.

The New England Journal of Medicine
Downloaded from nejm.org by MARY YANNAKOULIA on June 12, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.


