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ABSTRACT

Worldwide, the burden of morbidity and mortality from diet-related chronic diseases is increasing, driven by poor diet quality and overconsumption
of calories. At the same time, the global food production system is draining our planet’s resources, jeopardizing the environment and future food
security. Personal, population, and planetary health are closely intertwined and will all continue to be vulnerable to these threats unless action is
taken. Fortunately, shifting current global dietary patterns towards high-quality, plant-based diets could alleviate these health and environmental
burdens. Compared with typical Western diets with high amounts of animal products, healthy plant-based diets are not only more sustainable,
but have also been associated with lower risk of chronic diseases such as obesity, type 2 diabetes, cardiovascular disease, and some cancers. For
personalized disease management and prevention, precision nutrition has the potential to offer more effective approaches tailored to individual
characteristics such as the genome, metabolome, and microbiome. However, this area of research is in the early stages and is not yet ready
for widespread clinical use. Therefore, it must not overshadow public health nutrition strategies, which have the power to improve health and
sustainability on a larger scale. If widely implemented, interventions and policy changes that shift the globe towards healthy plant-based dietary
patterns could be instrumental in ensuring future personal, population, and planetary health. Adv Nutr 2019;10:S275–S283.
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Introduction
Diet-related chronic diseases such as obesity, type 2 diabetes
(T2D), and cardiovascular disease (CVD) are serious public
health threats. Worldwide, obesity rates have tripled since
1975 (1), driven by widespread diet and lifestyle changes
which result in a positive energy balance (2). In 2016, 13%
of the global adult population were obese and 39% were
overweight (1). Obesity is a risk factor for numerous health
problems including CVD, T2D, and some cancers (1). CVD,
the leading cause of mortality worldwide, is responsible for
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31% of all deaths (3). Diabetes is another major cause of
death, directly responsible for 1.6 million deaths globally in
2015 (4). From 1980 to 2014, the overall global prevalence
of diabetes rose from 4.7% to 8.5%, but has been rising
more rapidly in low- and middle-income countries (4). In the
United States, CVD and diabetes are both ranked in the top
10 causes of death. Of all the risk factors associated with the
major causes of death in the United States, unhealthy diets
are ranked as the most significant risk (5).

Diet-related chronic diseases are largely preventable
through healthy diet and lifestyle. However, much of the
world lives in obesogenic environments that promote un-
healthy behaviors, causing weight gain and chronic diseases
(2). For example, in the United States, processed, energy-
dense foods are abundant, cheap, and convenient whereas
unprocessed, healthier foods are often more expensive and
less accessible in many areas (6). The food environment
has the potential to affect dietary behaviors; one study
found that adults living in neighborhoods with many fast-
food restaurants were nearly twice as likely to be obese
as adults living in areas with lower numbers of fast-
food restaurants (6). This abundance of fast food is not
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only present in higher-income countries, but has spread
globally; there are already 2500 branches of McDonald’s
in China, and the company plans to increase this to 4500
by 2022 (7). In conjunction with economic growth and
urbanization, nearly all areas of the world have experienced
an increased availability of low-cost food and beverages that
are energy dense and nutritionally poor, which has led to
negative dietary changes (2). Many low- and middle-income
countries have experienced population-wide increases in
consumption of animal products, refined grains, and added
sugar, as well as a reduction in physical activity due to
more mechanized lifestyles (2). Since 1963, global meat
consumption has risen by 62%, driven by population growth
and increasing wealth in developing countries (8). In addi-
tion to health implications, worldwide dietary changes also
have environmental consequences. Animal food production
is more environmentally damaging and resource intensive
than plant food production. On average, producing animal
protein (meat and dairy) requires 11 times more fossil fuel
energy than grain-based protein. Red meat production is
especially inefficient; the estimated ratio of kcal of energy
expended to kcal of protein generated is 57:1 for lamb
and 40:1 for beef (9). With increasing demand for animal
products, especially meat, modern food-production systems
have become unsustainable. Without drastic changes, these
systems will not be able to support future populations,
especially as climate change and population growth further
threaten our environment and food supply (8). Large-scale
interventions are necessary to change the food environment
so that it is easy for the general population to make diet
and lifestyle choices that are both healthy and sustainable.
Encouraging populations to move towards healthy plant-
based diets could be a potential target for interventions to
prevent and manage diet-related chronic diseases and ensure
future food security.

Plant-Based Diets for Chronic Disease
Prevention
The term “plant-based diets” encompasses a wide range
of dietary patterns that contain lower amounts of animal
products and higher amounts of plant products such as
vegetables, fruits, whole grains, legumes, nuts, and seeds (10).
When making dietary recommendations, it is important to
emphasize overall dietary patterns, rather than specific foods
and nutrients, in order to account for the synergistic effects
of the total diet on health (11). However, there is strong
evidence and biological plausibility to support the roles of
specific plant-based foods in preventing cardiometabolic
diseases and premature mortality. Fruits and vegetables are
rich sources of fiber, antioxidants, and various nutrients, and
have been inversely associated with risk of chronic diseases
and mortality. A meta-analysis of 95 cohort studies found
that a 200-g/d increase in fruit and vegetable consumption
was associated with a 16% lower risk of stroke, 8% lower
risk of CVD, 3% lower risk of total cancer, and 10% lower
risk of all-cause mortality (12). Whole grains also provide

dietary fiber and contain numerous beneficial bioactive
compounds (13). One meta-analysis found a strong dose-
response relationship between whole-grain consumption and
reduced total and cause-specific mortality. Consuming at
least 70 g/d of whole grains was associated with a 22% lower
risk of total mortality, 23% lower risk of CVD mortality,
and 20% lower risk of cancer mortality, compared with
consuming little or no whole grains (13). Nuts may also be
useful for disease prevention due to their high content of
unsaturated fat, fiber, protein, and minerals (14). Evidence
from meta-analyses supports inverse associations between
nut intake and ischemic heart disease, diabetes, overall
CVD, and mortality from all causes (14, 15). Legumes
may reduce the risk of chronic disease due to their high
fiber, micronutrient, and protein content (15). One meta-
analysis found that legume intake was associated with
lower risk of ischemic heart disease (15). Another meta-
analysis of 11 clinical trials found that without changing
body weight, non-soy legume consumption lowered total
cholesterol, LDL cholesterol, and triglycerides (16). Coffee
and tea, which contain antioxidants and numerous other
bioactive substances, can also contribute to a healthy plant-
based diet (17). In healthy adults, consistent evidence shows
that moderate coffee intake (3–5 cups/d or up to 400 mg
caffeine/d) does not increase the risk of chronic diseases or
mortality (11). In fact, coffee intake has been associated with
lower risks of various neurologic diseases, liver diseases, T2D,
CVD, some cancers, and mortality (17). Consuming 3 cups
of tea per day has also been associated with lower chronic
disease and mortality risk (18).

In addition to specific plant-based foods, overall plant-
based dietary patterns have been associated with lower risk
of chronic diseases such as T2D and CVD. Evidence from
randomized controlled trials indicates that compared to
nonvegetarian diets, vegetarian diets can lower CVD risk
factors such as total cholesterol and blood pressure, enhance
weight loss, and improve glycemic control (10). However,
plant-based diets do not need to be vegetarian. A variety of
different plant-based diets may reduce chronic disease risk,
many of which include meat in moderate amounts. Martínez-
González et al. (19) created a provegetarian score based
on repeated dietary measures in omnivorous Spanish adults
at high CVD risk, with animal foods weighted negatively
and plant foods weighted positively. Participants with higher
scores had lower risk of mortality from all causes, as well as
lower risk of mortality from CVD. Compared to individuals
with very low scores, those with low (HR: 0.76; 95% CI:
0.53, 1.10), moderate (HR: 0.79; 95% CI: 0.55, 1.13), and
high provegetarian scores (HR: 0.59; 95% CI: 0.39, 0.89; P-
trend < 0.05) had a lower risk of mortality over a median
of 5 y of follow-up (19), illustrating that health benefits from
plant-based diets can still be achieved even with inclusion of
animal products.

When considering overall plant-based dietary patterns, it
is crucial to examine the types of foods included because not
all plant-based diets are healthy. Among >200,000 female
and male health professionals, an overall plant-based diet
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index (created by positively scoring plant foods and nega-
tively scoring animal foods) was associated with lower risk
of coronary heart disease (HR comparing extreme deciles:
0.92; 95% CI: 0.83, 1.01; HR per 10-unit increase: 0.93; 95%
CI: 0.90, 0.97; P-trend < 0.05) (20). However, the association
changed significantly when the index was broken down into
a healthy plant-based diet (emphasizing foods such as whole
grains, fruits, vegetables, nuts, legumes, oils, tea, and coffee)
and an unhealthy plant-based diet including higher amounts
of juices/sweetened beverages, refined grains, potatoes/fries,
and sweets. For participants with higher healthy plant-based
diet scores, coronary heart disease risk was significantly
reduced (HR comparing extreme deciles: 0.75; 95% CI: 0.68,
0.83; HR per 10-unit increase: 0.88; 95% CI: 0.85, 0.91; P-
trend < 0.001). For those with higher unhealthy plant-based
diet scores, the association with coronary heart disease risk
became positive (HR comparing extreme deciles: 1.32; 95%
CI: 1.20, 1.46; HR per 10-unit increase: 1.10; 95% CI: 1.06,
1.14; P-trend < 0.001) (20). In a similar analysis, the overall
plant-based diet score was associated with a moderately lower
risk of T2D (HR comparing extreme deciles: 0.80; 95% CI:
0.74, 0.87; HR per 10-unit increase: 0.88; 95% CI: 0.86, 0.91;
P-trend < 0.001), whereas the healthy plant-based diet score
was more strongly associated with reduced T2D risk (HR
comparing extreme deciles: 0.66; 95% CI: 0.61, 0.72; HR per
10-unit increase: 0.83; 95% CI: 0.80, 0.85; P-trend < 0.001)
and the unhealthy plant-based diet score was associated with
an increased T2D risk (HR comparing extreme deciles: 1.16;
95% CI: 1.08, 1.25; P-trend < 0.001) (21).

Relationship between Types of Dietary Fats and
Health Outcomes
There is strong evidence that intakes of saturated fat (found
mostly in animal-based foods) and unsaturated fat (found
predominantly in plant-based foods) have divergent effects
on health outcomes. In a study of 126,000 health profes-
sionals, PUFA and MUFA intake were associated with lower
mortality risk (HRs comparing extreme quintiles: 0.81; 95%
CI: 0.78, 0.84 for PUFA; 0.89; 95% CI: 0.84, 0.94 for MUFA; P-
trend < 0.001 for both) (Figure 1) (22). Trans fat intake was
positively associated with mortality risk, (HR: 1.13; 95% CI:
1.07, 1.18) as was saturated fat intake (HR: 1.08; 95% CI: 1.03,
1.14; P-trend < 0.001 for both). However, when interpreting
these associations, it is necessary to consider substitution
effects. In the above study, replacing 5% of energy from
saturated fat with the same amount of energy from MUFAs
and PUFAs was associated with a 27% and 15% reduced
risk of mortality, respectively (22). In another study (23),
exchanging 5% of calories from saturated fat with PUFA,
MUFA, or whole grains was associated with a 25%, 15%,
and 9% lower risk of coronary heart disease, respectively.
However, replacing saturated fat with carbohydrates from
refined starches and added sugars did not change coronary
heart disease risk. The source of fat (plant or animal) may
also affect health outcomes, even when considering the same
type of fat. A recent study suggested that replacing 5%
of energy intake from saturated fat, trans fat, and refined
carbohydrates with MUFA intake from plant sources was
associated with lower risk of coronary heart disease, whereas

FIGURE 1 Change in total mortality risk associated with increments of calorie intake from specific types of fat in the Nurses’ Health Study
and Health Professionals Follow-Up Study. Multivariable HRs are shown for total mortality associated with replacing the percentage of
energy from total carbohydrates with the same energy from specific types of fat (P-trend < 0.001 for all), adjusted for age, race, marital
status, BMI, physical activity, smoking status, alcohol consumption, multivitamin use, vitamin E supplement use, current aspirin use, family
history of myocardial infarction, family history of diabetes, family history of cancer, history of hypertension, history of hypercholesterolemia,
intakes of total energy and dietary cholesterol, percentage of energy intake from dietary protein, menopausal status and hormone use in
women, and percentage of energy from the remaining specific types of fat. Reproduced with permission from reference 22.
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the same substitution with MUFA from animal sources was
not beneficial (24).

Types of Protein, Red Meat Consumption and
Health Outcomes
In addition to type of fat, there is evidence that type
of protein consumed is important for health. Among US
health professionals with at least 1 unhealthy risk factor
(smoking, alcohol intake, overweight or obesity, or physical
inactivity), animal protein intake was linked to a higher risk
of death from CVD, whereas plant protein consumption was
associated with a lower risk of death from all causes (25). In
the same study, replacing 3% of animal protein sources with
plant protein sources was associated with significantly lower
risks of all-cause mortality for processed red meat (HR: 0.66;
95% CI: 0.59, 0.75), unprocessed red meat (HR: 0.88; 95% CI:
0.84, 0.92), and egg (HR: 0.81; 95% CI: 0.75, 0.88) (25).

Of all the animal-based foods, red meat appears to be
especially detrimental to health, and has been linked to
premature mortality and T2D. Among men in the Health
Professionals Follow-Up Study (followed for ≤22 y) and
women in the Nurses’ Health Study (followed for ≤28 y),
an increase in 1 serving of processed and unprocessed red
meat per day was linked to a 13% and 20% increased risk of
mortality, respectively (26). Replacing 1 serving of red meat
per day with other foods such as fish, poultry, legumes, nuts,
low-fat dairy, or whole grains was associated with a 7–19%
lower risk of premature death. The authors estimated that if
all study participants had consumed less than a half serving
of red meat (42 g) per day, 9.3% of deaths in men and 7.6%
in women could have been prevented (26). Pan et al. (27)
found that processed, unprocessed, and total red meat intakes
were associated with a 12%, 32%, and 14% increased T2D
risk, respectively, in the Nurses’ Health Study and Health
Professionals Follow Up Study cohorts and confirmed these
results with a meta-analysis of 442,000 individuals. In the
cohorts, replacing 1 serving of red meat per day with nuts,
low-fat dairy, or whole grains was associated with a 16–
35% lower T2D risk (27). An additional analysis in these
cohorts found that individuals who increased their red meat
consumption by more than a half serving per day over 4 y had
a 30% increased risk of developing T2D in the next 4 y, even
after adjusting for BMI and concurrent weight gain (28).

The cooking methods used for red meat also appear
to influence health. Liu et al. (29) found that independent
of total red meat consumption, a higher frequency of
open-flame and higher-temperature cooking methods was
significantly associated with T2D risk. Those who broiled or
barbecued red meat ≥2 times/wk had an increased T2D risk
(HR for broiling: 1.29; 95% CI: 1.19, 1.40, P-trend < 0.001;
HR for barbecuing: 1.23; 95% CI: 1.11, 1.38; P-trend < 0.001),
compared with those who used these cooking methods
<1 time/mo. Red meat broiling and barbecuing were also
associated with a significantly greater risk of obesity and
weight gain. Another analysis found a similar association
between T2D risk and high-temperature and open-flame

cooking of chicken, further indicating that meat cooking
methods may play a role in the development of T2D (30).

Precision Nutrition for Personal Health
Evidence-based dietary recommendations are often created
based on population averages, which is effective for pro-
moting health in populations, but may not be optimal for
specific individuals (31). Precision nutrition is an emerging
field that aims to use individualized information, such as
data from the genome, microbiome, and metabolome, to
prescribe personalized diets and lifestyles for chronic disease
prevention and management (Figure 2) (32).

Nutrigenomics studies are advancing the field of precision
nutrition by discovering how genetic differences affect
dietary intakes and chronic disease risk (31). Genome-
wide association studies have identified genetic variants
that are associated with different dietary factors such as
consumption of specific macronutrients (33). Studies have
also identified numerous genetic variants associated with
obesity and coronary heart disease. There is increasing
evidence that healthy diets may be able to mitigate the
adverse effects of these variants (31). However, for obesity,
unhealthy diets have been found to increase the genetic
effects (31). Additional evidence suggests that healthy diets
such as the Mediterranean and prudent dietary patterns may
have an effect on gene expression (34, 35). However, due to
the small sample sizes of these studies and high potential
for confounding by other lifestyle factors, further research is
needed to confirm these results.

Metabolomics is another important precision nutrition
tool and can help to identify biomarkers or metabolic signa-
tures of chronic diseases or dietary intakes. A recent meta-
analysis reported significant positive associations between
T2D and plasma concentrations of tyrosine, phenylalanine,
and branched-chain amino acids (leucine, isoleucine, and
valine) and inverse associations with glycine and glutamine
(36). These findings offer the potential to use dietary modi-
fications to target these metabolites to prevent or treat T2D
(31). Many recent studies have also focused on discovering
metabolomic signatures of specific foods and dietary patterns
to provide more accurate assessment of dietary intake in free-
living populations. For example, plasma and urinary anserine
has been associated with chicken consumption, and urinary
trimethylamine-N-oxide and carnitines have been associated
with red meat and fish intake (31). However, metabolomics
is not yet able to accurately distinguish between most dietary
patterns and specific foods. Therefore, it can be used in
conjunction with existing dietary assessment methods to
measure dietary intake and assess compliance to dietary
interventions, but should not replace the established dietary
assessment methods (31).

Microbiome research is another rapidly developing area
of precision nutrition. Gut microbiota composition varies
significantly between individuals, and likely plays a role
in the development of chronic diseases (31). Ley et al.
(37) observed that obese participants had less Bacteroidetes
and more Firmicutes bacteria compared with lean controls,
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FIGURE 2 The precision nutrition plate: types of individual data that are important to consider in precision nutrition research.
Reproduced with permission from reference 32.

but their proportion of Bacteroidetes compared with Fir-
micutes bacteria increased with weight loss. Studies have
also observed that gut microbiota composition can be
influenced by short-term dietary changes and long-term
usual diets (31). Characteristics of a long-term Western-
style dietary pattern, including high energy intake and
snacking, as well as sugar-sweetened beverage (SSB) and
whole-milk consumption, have been associated with lower
microbiota diversity. Other dietary factors, such as habitual
consumption of coffee and tea, have been associated with
higher diversity (31). There is evidence that plant-based
foods may favorably alter gut microbiota as they are high
in dietary fiber, prebiotics, fermentable carbohydrates, and
polyphenols, which fuel gut microbiota activity (38). How-
ever, microbiome research is still in the early stages and
future large prospective studies are necessary to uncover the
complex relationships between diet, the microbiome, and
disease.

A study by Zeevi et al. (39) highlights the value of
precision nutrition and potential impact of personalized
diets. The authors integrated microbiome, physical activity,
sleep, anthropometric, dietary, and biochemical parameter
data from 800 participants to create a machine learning
algorithm that could prescribe personalized diets. When
given as an intervention, the personalized diets were more
effective at reducing individual postprandial glucose than
traditional dietary advice provided by a dietitian. Although
this study illustrates the potential benefits of precision
nutrition, the findings are preliminary, and more research is
needed to evaluate the compliance with and effects of the
personalized diets long term. It is also currently unclear if
these results could be generalized to other populations and
health outcomes. Even so, it would be enormously expensive

to use this method in a clinical setting due to the large amount
of data collection and analysis required.

With the continuing advances in omics technologies
and big data analytics, the field of precision nutrition is
developing rapidly. Although precision nutrition will likely
become important for improving personal health in the
future, currently there is insufficient evidence to support its
widespread use in clinical settings (31). To improve human
health, population-wide approaches remain fundamental.
Therefore, it is crucial to avoid the hype surrounding
precision nutrition and ensure that the available resources are
balanced between investing in precision nutrition research
and public health strategies (31).

Public Health Nutrition Strategies for
Population Health
Public health nutrition strategies aim to improve health
in populations. These approaches often include education,
policies, or interventions, all of which could be utilized
to promote healthy plant-based diets. Policies, when based
on consistent scientific evidence, can be especially effective
because they have the power to shape food environments
and encourage the general population to make healthy
choices. For example, many countries across the globe have
enacted policies to limit trans fats in food products based on
extensive evidence linking them to CVD (40, 41). Denmark
was the first country in the world to regulate trans fats,
nearly eliminating them from the Danish food supply (42).
In the 3 y after the regulation was implemented, CVD
mortality decreased in the Danish population by 14.2 deaths
per 100,000, compared with similar countries without trans
fat policies (42). Between 2007 and 2011, New York State
restricted trans fat in 11 counties in all public eateries such
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as restaurants, vending machines and concessions. Three
years after implementation, compared with the nonrestricted
counties, the counties with the restriction had an addi-
tional 6.2% decline in hospital admissions for myocardial
infarction and stroke events, beyond temporal trends (43).
In 2006, the FDA mandated trans fat labeling on all food
products, which resulted in many companies reformulating
products to reduce trans fat content (41). By June 2018,
partially hydrogenated oils, the primary source of artificial
dietary trans fats, were banned from the US food supply,
marking an important step in creating a healthy food
environment (41).

SSB taxes are another case in which scientific evidence
has successfully informed nutrition policy. There is strong
evidence that regular consumption of SSBs increases risk of
obesity, T2D, and other chronic diseases (44–46). In 2014,
Mexico implemented an SSB tax, which was followed by a
7.6% sales reduction in taxed beverages and 2.1% increase
in untaxed beverages over the next 2 y (47). In the United
States, several cities including Seattle, Oakland, Berkeley,
San Francisco, Boulder, and Philadelphia have implemented
similar taxes (48). In Berkeley, there was a 9.6% reduction
in SSB sales 1 y after implementation of a 1 cent per ounce
tax (49). If expanded throughout the entire United States,
it was estimated that in the second year of implementation,
the tax could reduce mean BMI by an average of 0.08 kg/m2

(95% CI: 0.03, 0.20 kg/m2) among adults and 0.16 kg/m2

(95% CI: 0.06, 0.37 kg/m2) among youth, resulting in a 0.99%
and 1.38% decrease in obesity prevalence among adults
and children, respectively (50). The tax could also save an
estimated US$23.6 billion in healthcare costs for the period
2015–2025 (50).

Other nations and cities have utilized public institutions,
such as schools or government-owned buildings, to improve
nutrition by setting mandatory standards or encouraging
provision of healthy foods (51). Through an SSB ban,
Boston was able to nearly eliminate sales of SSBs in public
schools, which was followed by a significant decline in SSB
consumption among Boston high school students (52). The
USDA Fresh Fruit and Vegetable Program (FFVP), which
provides funding to qualifying schools to distribute free
fruits and vegetables to students, has also seen promising
results. An evaluation of the program found that students
in FFVP schools consumed approximately one-third of
a cup more fresh fruit and vegetables than students in
comparable schools not participating in the program (53).
Although there is evidence that policies such as taxes, bans,
or school programs may be able to change purchasing and
consumption behavior, additional studies are needed to
evaluate the impact of these policies on health outcomes and
provide support for future legislation.

In addition to the approaches used for trans fats and
SSBs, numerous other public health strategies have the
capability to encourage healthy and sustainable lifestyle
choices and improve the obesogenic environment. Evidence
supports the efficacy of a variety of approaches aimed
at influencing behavior, such as well-designed media and

education campaigns (54). Economic incentives have also
been successful, including subsidies to increase the availabil-
ity and affordability of healthy food, and taxes to increase
prices of less healthy foods and beverages (54). Nutrition
labeling on food products and menus not only provides
information for individuals to make healthy choices, but in
some cases has also led the food industry to reformulate
products to reduce unhealthy ingredients such as sodium,
added sugar, and trans fat (54). Increasing availability
of supermarkets and enacting restrictions on marketing
unhealthy foods to children can also help to improve food
environments and diets (54). Additional opportunities to
improve both public health and sustainability exist at the level
of the food supply chain. A few US states have been successful
in passing legislation to set nutrition standards for public
food procurement, and other nations have enacted policies
to support local food production and urban agriculture
(51). Although public health nutrition approaches have been
successful in many cases, much work is needed to evaluate
the policies and interventions that currently exist, formulate
new strategies based on existing research, and generate
evidence to support public health initiatives (54). The strong
evidence supporting the health and environmental benefits
of plant-based diets could be used to inform public health
nutrition strategies to shift populations towards diets higher
in healthy plant-based foods and lower in animal-based
foods.

Dietary Patterns and Planetary Health
In addition to their associated health benefits, plant-based
diets also tend to have less environmental impact than
animal-based diets (55). Globally, food production is the
largest contributor to biodiversity loss and is responsible for
80% of deforestation, >70% of fresh water use, and 30%
of human-generated greenhouse gas (GHG) emissions (55).
Meat has been identified as the food that has the greatest
impact on GHG emissions and land use (55). Producing 1000
kcal of lamb or beef generates 14 and 10 kg of GHG emissions,
respectively, compared with just 1 and 3 kg for 1000 kcal
of lentils or tofu (56). Producing 1 serving of beef or pork
requires 1211 and 469 L of water, respectively, compared with
220, 57, and 30 L required to produce 1 serving of dry beans,
tofu, or tomatoes (56). Multiple studies have shown that
decreasing meat consumption could reduce GHG emissions
as well as land, water, and energy usage, while simultaneously
improving health outcomes (55). However, it is not necessary
to completely eliminate meat to consume a healthy and
sustainable diet. A systematic review by Nelson et al. (55)
showed that it is possible to achieve a sustainable diet that
meets nutritional requirements without eliminating meat
or dairy and without increasing cost. Multiple plant-based
diets such as the Dietary Approaches to Stop Hypertension,
Mediterranean, Healthy US-Style, and Healthy Vegetarian
patterns have been shown to reduce the risk of chronic
diseases such as obesity, CVD, T2D, and some cancers. All
of these dietary patterns can include animal products such as
dairy and some even allow red meat in moderate quantities,
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but they have all been shown to be healthier and associated
with less environmental impact than the average US diet (55).

It is also important to note that just because a diet is
sustainable, does not mean it is healthy. Vegan and vegetarian
diets typically have less environmental impact than diets
containing meat (57), but a vegan eating many refined carbo-
hydrates and added sugars could be at greater risk for weight
gain and chronic diseases than an omnivore consuming meat
and a variety of healthy plant-based foods. Although it is
possible to achieve a healthy and sustainable diet without
becoming vegan or vegetarian, these dietary patterns, if
comprised of high-quality plant foods and appropriately
planned to avoid deficiencies, can be nutritionally adequate
for all stages of the life cycle (including infancy, pregnancy,
and older adulthood) and can reduce chronic disease risk
(57). The 2015–2020 US Dietary Guidelines provide detailed
meal plans for the Healthy Vegetarian Pattern, and an
adaptation for vegans, that satisfy nutritional requirements
at varying levels of energy intake (58).

In addition to the types of foods included in dietary
patterns, it is also necessary to consider calorie intake.
Very-high-calorie diets are common in many high-income
countries and not only can lead to poor health outcomes
but also have been shown to have higher carbon dioxide
emissions than lower-calorie diets (55). After an extensive
review of the current evidence, scientists on the 2015 United
States Dietary Guidelines Scientific Advisory Committee
concluded that in order to improve population and planetary
health, the US population should eat more plant-based foods
and less meat, and decrease its total calorie intake (11).
These recommendations are applicable to other high-income

countries beyond the United States and could be evaluated
and adapted for other global contexts.

A recent study modeled the effects of different diet
scenarios in 150 countries in all regions of the world, and
found that 4 different energy-balanced, low-meat diets in line
with current evidence-based dietary recommendations could
reduce global environmental impact, nutrient deficiencies,
and diet-related mortality (59). Designed to meet global
public health objectives and adapted to fit national food
preferences for each country, these dietary patterns were
all predominantly plant-based, including abundant fruits,
vegetables, nuts, and legumes, and limiting sugar and
processed meat. The 4 dietary patterns were: flexitarian (lim-
ited red meat, moderate animal-source foods); pescatarian
(meat replaced with fish, moderate animal-source foods);
vegetarian (no meat, moderate animal-source foods); and
vegan (no animal-source foods). Worldwide, it was estimated
that large-scale adoption of any of these diets could pro-
vide an adequate nutrient supply (although vitamin B-12,
riboflavin, and calcium may need to be supplemented in
some vegetarian/vegan diets); reduce premature mortality
by ∼20% (predominantly due to CVD-, cancer-, and T2D-
related causes); and reduce GHGs, nitrogen application,
phosphorus application, cropland use, and freshwater use
in high- and middle-income countries. The authors also
modeled dietary patterns focused only on environmental or
food security priorities (59), and found that although these
patterns had benefits, they did not simultaneously address
environmental, nutrient deficiency, and diet-related mortal-
ity challenges as effectively as the 4 diets based on public
health objectives. As demonstrated by this study, adherence

FIGURE 3 The intersection between population, personal, and planetary health and relation to public health nutrition, precision
nutrition, and sustainable nutrition.
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to evidence-based dietary recommendations, through a
variety of different plant-based dietary patterns, can itself
have beneficial environmental impacts. The potential health
and environmental benefits of shifting global consumption
patterns towards plant-based diets are substantial. Encour-
aging plant-based diets globally will become increasingly
important as population growth and climate change con-
tinue, straining our planet’s food production capacity and
threatening future food security (55).

Conclusions
Personal, population, and planetary health are closely inter-
twined and are all threatened by low-quality diets and envi-
ronmental degradation (Figure 3). Current evidence clearly
indicates that dietary patterns higher in healthy plant-based
foods and lower in animal-based foods, especially meat, are
associated with less environmental impact and lower risk
of diet-related chronic diseases. Shifting global populations
towards healthy plant-based dietary patterns could alleviate
the current diet-related chronic disease epidemics as well as
future environmental and food security crises that will likely
occur if we continue to consume our planet’s resources at the
current rates. To make this shift, public health policies and
interventions are necessary to encourage healthy behavior
and change current food environments. It is also important
to consider strategies to reduce food waste, which will
greatly benefit the environment, and to reduce caloric intake,
which will benefit both the environment and human health.
Precision nutrition will likely play a role in optimizing
personal health in the future, but much more research is
needed before it can be widely applied to disease prevention.
Therefore, when allocating resources, it is crucial to balance
investment in precision nutrition and public health strategies.
If the current chronic disease and environmental degradation
trends continue, we will overwhelm global healthcare and
food production systems, jeopardizing personal, population,
and planetary health. Transitioning global diets towards
healthy plant-based dietary patterns would require large-
scale public health efforts, but could be instrumental in
ensuring future human and planetary health.
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