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Abstract
Purpose of Review  The goal of this manuscript is to identify dietary and active transport strategies that reduce greenhouse 
gases and obesity, and thereby mitigate the effects of climate change on crop yields and micronutrient content.
Recent Findings  This report builds on our earlier publication that described the Global Syndemic of Obesity, Undernutri-
tion, and Climate Change. We focus here on the contributions that the USA makes to the Global Syndemic and the policy 
solutions necessary to reduce the effects of the transport and food and agriculture systems on greenhouse gas emissions and 
environmental degradation.
Summary  A recent study suggests that people are interested and ready to address local solutions to climate change. Chang-
ing the individual behaviors that sustain the US transport and food and agriculture systems is the first step to the broader 
engagement necessary to build the political will that to achieve institutional, municipal, state, and federal policy.
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Introduction

A syndemic is characterized as clusters of pandemics that 
occur within the same population at the same time and place, 
have an adverse biologic or social impact on each other, and 
are fostered by large scale social forces with an inequitable 
impact on marginalized populations [1].

In 2019, the three major pandemics that threatened the 
world’s health were obesity, undernutrition, and climate 
change. In 2020, the emergence of the COVID-19 pandemic 
disproportionally affected people with obesity and added 
a pandemic of food insecurity to the existing pandemics. 
These twin clusters of pandemics constitute two distinct but 
related syndemics – a syndemic of obesity, undernutrition 

and climate change, and an overlapping syndemic of 
COVID-19, obesity, and food insecurity.

These twin syndemics have an adverse impact on each 
other through their impact on the food supply and their 
inequitable impacts on food insecurity and malnutrition. 
As we consider later in this manuscript, climate change 
reduces crop yields and the micronutrient content of crops, 
all of which increase the likelihood of food insecurity and 
undernutrition. In the accompanying paper [2], we consider 
COVID-19 and its adverse effects on employment and higher 
prices of food associated with disruptions in the food supply 
chain as contributors to food insecurity and increased rates 
of obesity.

In this manuscript, several observations prompted us  
to focus on US strategies to address the Global Syndemic 
of Obesity, Undernutrition, and Climate Change [•3]. First 
and foremost, the USA is the second leading contributor to 
GHG emissions behind China, and we are the fourth lead-
ing contributor to global GHG emissions on a per capita 
basis, behind China, India, and Brazil [4]. Successful efforts  
to reduce the US contribution to GHGs will have a major 
impact on global climate change and food insecurity. Sec-
ond, prioritization of solutions in the USA may differ from 
global solutions. For example, agriculture and transpor-
tation contribute 10% and 30% of US GHG emissions,  
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respectively [5], whereas globally, agriculture and transpor-
tation contribute 24% and 14% of GHGs, respectively [5]. 
Although some of the solutions to the Global Syndemic may 
be generalizable globally, many of the policy initiatives are 
US-centric.

Global Disease Burden and Costs of Obesity, 
Undernutrition, and Climate Change

In 2010, malnutrition in all its forms, which included under-
nutrition, stunting, wasting, micronutrient deficiencies, and 
obesity, were estimated to cost $3.5 trillion/year, equal to 
2–3% of the global gross domestic product (GDP) [6–8]. 
Obesity has increased rapidly across the globe in children, 
adolescents [9] and adults [10], and no country has reported 
a significant decrease in prevalence. The disease affects over 
2 billion people worldwide. In 2019, the global prevalence of 
stunting was estimated to affect 150 million children, with a 
higher prevalence in south Asia and sub-Saharan Africa, and 
the prevalence of wasting was estimated to affect 50 million 
children worldwide [11, 12]. The gradual decline in stunting 
has been matched by increases in obesity [9, 12]. In 2016, 
two billion people suffered from micronutrient deficiencies, 
and 800 million people were chronically undernourished 
[13]. By 2050, the predicted costs of climate change are a 
reduction of 5–10% of the world’s GDP; costs in low-income 
countries in Asia, the Middle East, and Africa may exceed 
15% of their GDP [14].

The Global Syndemic of Obesity, 
Undernutrition, and Climate Change: 
Interactions

In 2019, the Lancet Commission on Obesity published its 
report on the Global Syndemic of Obesity, Undernutrition, 
and Climate Change [•3]. Because of its substantial, perva-
sive, and ubiquitous impact on health, we considered climate 
change a pandemic. Multiple interactions between obesity, 
undernutrition, and climate change are shown in Table 1. 
For example, it is now clear that in low- and middle-income 
countries, obesity, stunting, and food insecurity occur in the 
same children and same population – a double burden of 

malnutrition [12, 15, 16]. The agricultural system accounts 
for approximately 10% of greenhouse gas emissions (GHGs) 
in the USA and 20–30% of GHGs globally [•3, •17] Within 
the agricultural system, cattle production for meat and dairy 
generates methane, which accounts for over 80% of agricul-
tural GHGs, and is 80 times more potent than CO2 [18]. Beef 
consumption contributes to obesity, colon cancer, and cardio-
vascular disease [•3, 19, 20]. In addition, obesity appears to 
make a small but significant contribution to climate change 
[21–25].

The global warming that is a consequence of increased 
GHGs increases atmospheric water uptake which in turn 
increases the likelihood of severe hurricanes, flooding rains, 
fires, and drought [26]. Furthermore, the increase in GHGs 
has increased mean atmospheric temperatures which have 
already led to an increase in heat-related mortality [27] and 
wild fires [28]. Climate change is expected to increase the 
fluctuation of weather, increasing rainfall in areas where 
rain is common, and increasing dryness in already arid 
areas [29]. As illustrated in Fig. 1, increased atmospheric 
CO2 decreases crop yields and reduces the concentration of  
essential nutrients such as protein, iron, and zinc in selected 
crops [29, •30, 31]. Increased atmospheric CO2 also increases  
ocean acidification with adverse effects on corals and fisher-
ies. These effects are inequitably distributed, and are already 
having a greater impact on poor populations, especially 
those in the global south.

The use of fossil fuels for transportation systems also 
increases GHGs, rates of obesity, and ill health. Car use 
is associated with reduced physical activity and increased 
rates of obesity [32], and changes from automated to active 
transport like walking and biking have been associated with 
increased physical activity and declines in the prevalence of 
obesity [33, 34].

A systematic review and meta-analysis has demonstrated 
that poor air quality, secondary to motorized transit, is asso-
ciated with obesity in children [35, 36] and adults [37]. Poor 
air quality and particulate matter pollutants are associated 
with pulmonary diseases such as asthma [38], which may 
contribute to the association of asthma with obesity [35, 
39, 40]. The disparate effects of air quality on obesity and 
asthma in minority populations may be exacerbated by the 
co-location of coal burning plants and truck depots in under-
served neighborhoods.

Table 1   Examples of the 
interactions of obesity, 
undernutrition and climate 
change

• Obesity, stunting, and food insecurity in the same children and same population
• Car use, GHG emissions, inactivity, and obesity
• Cattle production, GHG emissions, meat consumption and obesity, diabetes, colon cancer and  

cardiovascular diseases
• Overproduction and overconsumption of ultra–processed foods and obesity
• Increased GHGs reduce crop yields and micronutrient content of crops which contribute to food  

insecurity and undernutrition
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Examples of Triple Duty Solutions 
to the Global Syndemic of Obesity, 
Undernutrition, and Climate Change

The Lancet Commission on Obesity suggested 18 actions  
to mitigate the Global Syndemic, including actions for all,  
for nations and municipalities, civil society, funders, and 
international agencies [•3]. In the sections below, we propose  
comprehensive triple duty solutions that focus on changes in 
the deeper US drivers of the transportation and agricultural 
systems that mitigate the Global Syndemic.

Sustainable food and agricultural systems.   The Lancet 
Commission on Obesity focused largely on GHG emissions. 
However, how the agricultural production system and food 
consumption patterns affect land use, water consumption, 
and environmental degradation indicate the need to focus 
on sustainability of the food system going beyond its effects 
on GHGs. Sustainable diets have been defined as “diets with 
low environmental impacts which contribute to food and 
nutrition security and to healthy life for present and future 
generations. Sustainable diets are protective and respect-
ful of biodiversity and ecosystems, culturally acceptable, 
accessible, economically fair and affordable; nutritionally 
adequate, safe and healthy, while optimizing natural and 
human resources” [41]. Stated another way, a sustainable 
diet must foster both human and planetary health.

Beef is by far the biggest source of agricultural GHGs, 
and the continued production of beef and dairy cattle is 
unsustainable. The emissions/gram of beef protein are 
almost 250 times those from the production of legumes, and 
20 servings of vegetables have fewer GHG emissions than 

one serving of beef [42]. The demand for beef, seafood, 
poultry, and pork by the 15 richest nations, the USA among 
them, may be 750% greater than the 24 poorest nations [42]. 
These observations impose a disproportionate responsibil-
ity on the USA to lead efforts to change dietary practices to 
lower our impact on GHG generation. Those efforts should 
begin with a reduction in beef consumption.

Cattle production has been estimated to account for 70% 
of global agricultural land, and a third of arable land is 
devoted to the production of fodder for animal feed [18]. 
Irrigation for cattle feed uses 23% of national water con-
sumption, 32% of consumption in the western USA, and 79% 
of consumption in the Colorado River basin [43]. The wide-
spread drought that is now affecting many of the western 
states indicates that continued beef and fodder production is 
unsustainable. It seems obvious that one of the solutions to 
the western drought would be to decrease the water allotted 
for the irrigation of fodder. Such reductions would likely 
require a decrease in cattle production which would increase 
the price and reduce the consumption of beef. Not surpris-
ingly, this scenario has received little attention.

The production of fodder in western states also con-
tributes to an unsustainable future. Approximately 30% of 
nitrogen fertilizer for corn and soy crops is lost as run-off 
in surface water or groundwater [44]. This process has been 
accelerated by increased precipitation related to climate 
change. The nitrogen runoff is carried by the Mississippi 
River and its tributaries into the Gulf of Mexico where 
eutrophication decreases the oxygen content with a nega-
tive effect on fisheries. In 2017, the resultant “dead zone” 
was the size of New Jersey [44].

Fig. 1   Pathways by which increased greenhouse gases affect food insecurity and undernutrition. Adapted from Myers et al., reference [•30]
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Given the impact of beef consumption, reductions in meat 
consumption will have a quadruple duty effect; reduced con-
sumption will reduce production, which will reduce GHG 
generation and thereby preserve or reduce the impact of 
GHGs on crop volume, the micronutrient content of foods, 
and undernutrition [45]. The reduction in fodder produc-
tion and the introduction of other farming techniques will 
reduce the eutrophication in the Gulf, improve fisheries, and 
thereby reduce the food insecurity of the fisheries supply 
chain workforce.

The EAT-Lancet Commission has explored in detail the 
magnitude of the changes necessary to attain sustainable 
food systems and the planetary boundaries necessary to 
reduce the adverse impact of environmental damage caused 
by food production [46]. The Commission also recognized 
that healthful diets incorporate plant-based protein sources 
such as soy, legumes, and nuts with occasional intakes of 
poultry, eggs, and very low intakes of red meat; unsaturated 
fat from plants, carbohydrates from whole grains and sugar 
intake less than 5% of calories; at least five servings of fruits 
and vegetables daily; and moderate dairy consumption [46]. 
Shifts to these dietary patterns are consistent with the Die-
tary Guidelines for Americans 2020–2025 [47] and can be 
achieved in a variety of diets, consistent with multiple cul-
tural and agricultural systems. However, a major challenge 
with the EAT-Lancet Commission’s recommendations is 
that the projected costs exceed the per capita income for an 
estimated 1.5 billion people [48].

Predominantly plant-based diets are better for the health 
of humans and the planet. Diets with greater proportions 
of fruits, vegetables, nuts grains, and reduced proportions 
of red meat, such as the Mediterranean, pescatarian, and 
vegetarian diets, significantly lower the risks of chronic 
diseases such as type 2 diabetes, cancer, and coronary and 
all-cause mortality [42, 46, 49]. Predominantly plant-based 
diets also appear associated with decreased weights and a 
lower prevalence of obesity [50, 51]. Furthermore, diets 
with reduced quantities of meat, such as vegetarian and the 
Mediterranean diet, have a lower environmental impact and 
are more sustainable than the usual western diet [52]. The 
largest planetary benefits will likely result from changes in 
high- and middle-income countries [49, 53].

Sustainable active transport systems.   Like the food and 
agriculture system, transportation systems should also be 
sustainable. Our definition of a sustainable transport system 
is adapted from the FAO definition for sustainable diets [41]. 
Sustainable transport systems are those with low environ-
mental impact that contribute to active transport for pre-
sent and future generations. Sustainable transport systems 
protect and respect biodiversity and ecosystems; are cultur-
ally acceptable, accessible, economically fair, and afford-
able; and promote safe and healthy opportunities for active 

transport while optimizing natural and human resources. The 
strategies to foster active transport that we outline below also 
reflect the elements necessary for a sustainable transporta-
tion system.

In 2020, 26% of total US energy was used for transporta-
tion, and gasoline accounted for 56% of total transportation 
fuels [54]. The use of fossil fuels is sustained by subsidies 
that are estimated at $62B/year [55]. The combined federal 
and state taxes on gasoline and diesel fuels are approxi-
mately $0.48 and $0.56 per gallon, respectively [56], and 
the federal gasoline tax has not been increased since 1993 
[57]. Because the federal gas tax is rolled into the Highway 
Trust Fund, the combination of subsidies and low taxes sus-
tains motorized transport. One potential approach to reduce 
the GHGs that result from car use is to eliminate subsidies 
for the fossil fuel industry and increase the federal gaso-
line and diesel taxes. Increased taxes and reduced subsidies 
will increase the cost of fuel which will lead to decreased 
car use, decreased GHGs and increased active transport. 
Although electrification of transport systems including cars 
will reduce reliance on fossil fuels, it will not necessarily 
increase physical activity or reduce obesity. However, active 
transport will reduce air pollution, particularly PM2.5, which 
may also reduce obesity and other illnesses related to poor 
air quality [58]. For example, the reduction in car use asso-
ciated with the 1996 Olympics in Atlanta was associated 
with major decreases in ozone and substantial reductions 
in emergency room visits and hospitalizations for asthma 
[59]. Reduced motorized transport will also improve health 
equity by reducing the exposure of marginalized commu-
nities to poor air quality. Investments in public transport 
increase physical activity, because people have to walk to 
access public transport, and walk or bike from their bus or 
metro stop to their destination [60]. The net effect of these 
changes will be to reduce and mitigate obesity and reduce 
GHGs.

Community infrastructure offers a second strategy to 
increase active transport. Creation of and access to places for 
physical activity are recommended strategies to increase phys-
ical activity. Environmental determinants include community- 
and street-scale urban design, as well as active transport poli-
cies that promote walking and cycling [61]. Reduced obesity 
has been associated with physical activity, community design, 
and time spent in cars [32]. A combination of eight integrated 
combined interventions that increase active transport, while 
reducing car use include making destinations more accessible, 
developing optimal levels of residential density with reduc-
ing distance to public transport, connecting neighborhoods 
to places of employment, and providing safe, affordable, 
and accessible public transportation options [62]. A study 
of physical activity in 14 high- and middle-income countries 
confirmed that residential density, intersection density, pub-
lic transport density, and number of parks were significantly 
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positively and linearly related to physical activity measured 
by accelerometry. Residents who lived in the most activity 
friendly neighborhoods spent 68–89 min more in physical 
activity/week than those in least activity friendly neighbor-
hoods [63, 64]. An additional benefit of neighborhood design 
is that parks and greenspace not only increase physical activ-
ity and reduce obesity [65] but they are also carbon sinks that 
act to reduce GHGs. These effects can be expected to have a 
sextuple duty effect: they will reduce car use, increase active 
transport, reduce and mitigate obesity, reduce GHGs, provide 
a carbon sink, and improve air quality [66]. The reduction in 
GHGs will improve crop yields and micronutrient content, 
thereby reducing food insecurity and undernutrition.

Costs

Actions to change these systems might be prompted by rec-
ognizing that the food and agriculture and transportation sys-
tems are heavily subsidized and that these subsidies sustain  
the adverse impact of these systems on climate change and 
the environment. The costs of food and transportation do not  
reflect their true costs or externalities. For example, a new 
report from the Rockefeller Foundation [64, •67] estimated that  
the current costs of food along the supply chain from food pro-
duction to food retail were $1.1 trillion annually. However, the 
estimated costs of illness, water and air pollution, and GHGs 
add an additional cost of $2.1 trillion per year. Most of these 
costs are attributable to the effects on human health and the 
environment; obesity accounts for $359 B, and other chronic 
diet-related diseases like cancer and cardiovascular disease 
account for an additional $604B of the $1.1 T in total health 
costs. The environmental effects of food production account 
for another $442 billion, and GHGs from livestock produc-
tion and crop cultivation are responsible for $300B. A dis-
proportionate share of these costs is borne by communities of  
color and workers along the food supply chain [•67]. A similar 
analysis of the transportation system that accounted for the 
externalities of the costs of illness associated with the displace-
ment of active transport by car use, the production of GHGs  
from car use, and the methane released as a side product of 
oil production would likely produce similar costs [62, 64]. Rec-
ognition that these costs ultimately tie to individual behaviors,  
like beef consumption or car use, is a critical goal.

The Development of Political Will

The syndemic perspective offers an opportunity to develop 
comprehensive double- and triple-duty solutions that miti-
gate several of these pandemics simultaneously. We have 
suggested some of the policy solutions that begin to achieve 
these goals. Our proposed policy solutions constitute what 

must be done. However, how to develop the political will 
necessary to implement these policies presents a more for-
midable task. For example, the 2015–2020 Dietary Guide-
lines Advisory Committee recommended that sustainability 
should be considered as a criterion for dietary guidance [68]. 
In response to strenuous and vocal objections and lobbying 
by the meat industry, the Secretaries of the Departments of 
Health and Human Services and Agriculture declared that 
the Dietary Guidelines for Americans (DGAs) would not 
include considerations of sustainability [69]. As a result, 
sustainability was not included in the scope of work for the 
2020–2025 DGAC.

The objections raised to the inclusion of sustainability in 
the DGAs provide only an inkling of the response we might 
anticipate to more aggressive efforts to change beef con-
sumption. For example, if the subsidies for commodity crops 
used to feed cattle are removed, the fast-food industry will 
not likely embrace the increase in the price of burgers that 
will follow, particularly if price increases decrease demand. 
The costs of gasoline are kept low by subsidies for the pro-
duction of oil and the resistance to increasing the federal gas 
tax [70]. Predictably, efforts to reduce or eliminate subsidies 
or increase taxes will be met with major concerted resist-
ance by the fossil fuel industry and objections by consumers 
when the price at the pump is increased. Both circumstances 
will also be disproportionally experienced by low-income 
populations. These regressive effects can be avoided if the 
cost savings from the elimination of subsidies and increased 
revenue from gasoline taxes are redirected to strategies that 
improve access and lower the costs of healthier alternatives, 
such as subsidies for the production of plant-based foods, 
incentives for active transport, or increased investment in 
public transportation. Redirecting revenue to build alterna-
tive transport systems would provide a double duty solution 
– reduced GHG generation and increased active transport 
with improved cardiovascular health and reduced obesity. 
The policy strategies that address climate change also rep-
resent stealth interventions to increase physical activity, 
improve diets, and reduce obesity [71]. Overcoming the 
resistance to policies that reduce climate change and envi-
ronmental degradation requires the development of political 
will.

A recent nationally representative survey of the opinions 
of US adults related to climate change suggests that people 
may be ready to act and may only need strategies by which 
they can engage [72]. Almost 75% of respondents thought 
that global warming was happening, and 60% believed that 
global warming is caused by humans. Two-thirds of respond-
ents said that global warming was extremely or somewhat 
important to them personally, and approximately the same 
number felt a personal responsibility. Sixty-eight percent of 
respondents felt it was not too late to do something about 
global warming, and 67% thought that global warming is an 
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agriculture and food issue. Surprisingly, only 36% discussed 
their concerns with family and friends. Although responses 
were not stratified by age, it is likely that younger individuals 
were more concerned than older adults.

Press coverage of the (un)natural disasters of fires in Cali-
fornia, Oregon, and Australia, the droughts that have fostered 
and accompanied those fires, and the flooding rains in Hou-
ston and most recently in Germany and China have linked 
these catastrophic events to climate change. The next step is 
to link these events to the multiple individual, institutional, 
and corporate practices that generate GHGs and unsustain-
able systems. In our view, changes to these practices can 
begin at the individual and institutional level and then move 
to local policy initiatives that ultimately extend to the state 
and federal level. Although individual behavior changes 
will have an extremely small impact on GHGs, the changes 
represent the first step to a broader engagement with policy 
making. The challenge is how to help people understand that 
their actions connect to these broader systems, how these 
systems connect to climate change and sustainability, and 
how to mobilize in the face of political resistance [•3]. The 
evidence is abundantly clear that our agriculture and trans-
portation systems are major contributors to the generation of 
GHGs and environmental degradation. Action steps for the 
individual include reducing meat consumption, consuming 
a more plant-based diet, and using active transport or public 
transportation. At the community level, the lack of infrastruc-
ture that supports local or regional food systems, and active 
or public transportation can then become a target for change.

The same pressures that university students are applying 
to achieve divestment of fossil fuels can be extended to other 
climate friendly institutional policies. For example, policies 
that require that a proportion of purchased food be sustain-
ably produced, or that the costs of public transportation be 
reimbursed or deducted, or that a motorized fleet be replaced 
with hybrid or electric cars all represent examples of climate 
and health friendly institutional policy initiatives. Residen-
tial zoning that mandates trees, green space, and sidewalks 
and bike paths that lead to places where people want to go, 
and public transportation that connects where people live 
to where they work begins to engage people in a relevant 
political process.

Many groups are actively engaged in strategies that 
address climate change and sustainability, but often lack 
common targets. This lack of agreement is a barrier to a 
more unified movement. A focus on sustainability can begin 
to link civil society, public health, local food movements, 
and initiatives that foster local and regional food systems 
[73]. Local initiatives can expand to broader networks to 
share insights, innovations, and successes. A good example 
is the C40 initiative funded by Bloomberg Philanthropies, 
which has established networks of cities that address food 
systems, mass transit, and active transport [74].

The effects of climate change on health have received less 
emphasis that the effects of climate change on the planet. 
The policy action agenda provides a good example of how a 
coalescence of institutions can take collective action. Almost 
200 health and healthcare organizations have signed on to a 
policy action agenda that includes active transportation and 
sustainable, healthy, and resilient farms and food systems 
[75]. The latter policy includes a recommendation for plant-
based diets and reduced consumption of red and processed 
meat by providing meat-free alternatives in school meals. 
The extent to which these policy recommendations have 
been adopted is uncertain.

As the efforts to change policies and practices at the indi-
vidual, institutional, municipal, and state level progress, it is 
essential to build monitoring systems to assess progress and 
assure accountability. The 2018 report of the Lancet Count-
down on Health and Climate Change suggested a number of 
indicators, many directly related to the syndemic [76]. These 
included measures of food security and undernutrition, such 
as crop yields and nutrient quality, exposure to ambient air 
pollution as a measure of shifts in transport, sustainable 
travel infrastructure, ruminant meat for human consump-
tion, and fossil fuel subsidies, which would include gasoline 
taxes. Some of these measures can be collected locally and 
shared nationally, but the aggregation of these measures will 
require a central monitoring agency. To promote equity in 
these policies and practices, particular attention should be 
accorded to measures applicable to marginalized populations 
which are at the greatest risk of adverse exposures.

Conclusion

Because the transport and food and agricultural systems 
in the USA make major contributions to greenhouse gas 
emissions and environmental degradation, we have a moral 
imperative to take steps to change the drivers of these sys-
tems. Although efforts are underway to change policy at the  
national level, these efforts have been met with substantial 
resistance. In addition, the most challenging policy initia-
tives, such as those that remove subsidies for fossil fuels 
and commodity crops or increase taxes on gasoline, will 
not be accomplished without reducing individual and popu-
lation demand for beef and car use. The most sustained 
behavior changes have occurred among participants in reli-
gious or social movements [71]. It is our hope that the pas-
sions ignited by the climate crisis among young people are 
approaching those that have fueled other movements. An 
initial focus on what we can personally change recognizes 
the urgency of action, driven by an awareness of the con-
sequence of inaction. If we do nothing, it is clear that the 
effects of climate change on the planet and human health 
will become irreversible.
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