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Abstract

Purpose of Review We explore how a global shift in the food
system caused by global economic growth, increase in avail-
able food per capita and in food processing is a driver of the
obesity epidemic.

Recent Findings Economic development in most areas of the
world has resulted in increased purchasing power and avail-
able per capita food. Supermarkets and a growing fast-food
industry have transformed our dietary pattern. Ultra-processed
food rich on sugars and saturated fat is now the major source
of energy in most countries. The shift in food supply is con-
sidered a major driver of the obesity epidemic and the increas-
ing prevalence of accompanying complications, such as type 2
diabetes, cardiovascular disease and cancer. However, the
global shift might also have direct effects on the increase in
type 2 diabetes, cardiovascular disease and cancer, indepen-
dently of overweight and obesity.

Summary The shift in the food supply is a major driver of the
obesity epidemic.
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Introduction

The rising prevalence of overweight and obesity is a major
global health challenge and concern [1]. For adults, over-
weight is defined as a body mass index (BMI) >25 kg/m?
and obesity as BMI >30 kg/m”. The World Health
Organization defines overweight and obesity as abnormal or
excessive fat accumulation that may impair health. Analysis
of the Global Burden of Disease study 2013 revealed that
during the last three decades, the prevalence of overweight
and obesity rose 27.5 % in adults and 47.1 % in children
[2¢¢]. The prevalence of obesity is highest in the developed
countries; however, almost two thirds of the obese population
live in developing countries [3]. According to the Global
Burden of Disease study 2013, the increase in overweight
and obesity was highest between 1992 and 2002, and while
the rate of increase seems to have slowed down during the past
decade in developed countries, a continued increase has been
observed in the developing countries [2¢¢].

Weight- and obesity-related complications include type
2 diabetes, cardiovascular disease and cancer [4]. The rise
in weight-related health problems has not only cost mil-
lions of people their wellbeing but also carries significant
costs to the society due to obesity-related illness [5]. In
developed countries, treatment of obesity and obesity-
related complications has increased the cost of healthcare.
Especially type 2 diabetes accounts for a majority of
healthcare costs, as 20-30 % of overweight people have
type 2 diabetes, while approximately 85 % of diabetic
subjects are overweight or obese [6]. Besides the direct
costs reflected in healthcare, indirect costs associated with
obesity include decreased work productivity, high workers’
compensation claims and lower earnings. Overweight and
obesity are not only a burden for the individual and society
in general, but also an economic burden for the employer,
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since the epidemic is associated with lower productivity due to
an increase in sick leave and medical claims.

The dominating food source was once local production
for local markets. The way from farm to fork involved
relatively little processing, whereas the modern food sys-
tem is characterized by interactions between multiple
global players to maximize efficiency, reduce costs and
increase production and profit before food reach the
household. This change in the food system is considered
a major driver of the obesity epidemic, which will be fur-
ther explored in this review.

Changes in the Food System

Technology, urbanization and shift in income are some of the
factors that have profoundly changed the global food system
and thereby food consumption [7]. The shift to a global food
system started in the USA and other high-income industrialized
countries while the system is now rapidly changing in develop-
ing countries as well. The major drivers behind the change are
development in the technology related to food production and
processing. Modern food distribution means global access to a
wider variety of foods [8]. With urbanization follows increased
consumption of food produced by others [9]. Large regional or
local supermarkets replace fresh markets as the major source of
food. These supermarkets are often part of multinational or
domestic chains and they transform the dietary pattern, together
with a growing fast-food industry [10].

Food consumption is increasingly affected by marketing
and mass media; the transnational food corporations target
potential consumers through marketing campaigns, especially
aggressive in the developing countries where increased in-
come means potential new consumers [11].

Assessment of Food Consumption

Dependable means of measuring food consumption are re-
quired in order to study how the shift in the food system has
changed consumption around the world. In the following, we
describe the most applied methods to assess food consumption
on the population level.

Individual Dietary Surveys

Detailed monitoring of food consumption patterns can be de-
rived from surveys of dietary intake conducted on national se-
lected representative cohorts of individuals. Methods for
assessing dietary intake can be retrospective reporting of intake
(recent or remote past) or prospective recording of food con-
sumption [12]. Persons included need to be highly motivated to
register complete diet. Many countries do not have resources to
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perform regular, high-quality person-level dietary surveys of
food consumption, and there is variation in the methods used,
causing difficulties in the interpretation and comparison of sur-
veys between countries [11].

Household Budget Surveys

Household budget surveys, often conducted by national statis-
tical offices, contain data on food purchased and food from own
production. Household budget surveys estimate food available
at the household level and are cheaper than person-level sur-
veys. Limitations to these surveys as an estimate of food con-
sumption include lack of information of food consumed outside
the home, the distribution of food between household members,
food used for other reasons and food waste. As for individual
dietary surveys, an important limitation is the variation in the
methods applied [13].

Supermarket Sales Data

Most supermarkets use electronic product labels or product
codes to identify and track sales items. Supermarket sales data
potentially holds information about dietary habits and behav-
iours at the population level. However, barriers include the link
from bought food to food consumed by an individual and the
link between sales item codes and nutritional content [14, 15].

Food Balance Sheets

Food balance sheets (FBS) as prepared by the Food and
Agriculture Organization of the United Nations provide infor-
mation of food availability [11]. FBS balance food production,
net trade of food and estimates of food fed to animals or in other
ways not available for human consumption. These data are
available online (http://faostat.fao.org). FBS estimate food
available for the consumer. Limitations for using FBS as a
proxy for food consumption include lack of information on
food waste at the household and retail level and other
potential errors discussed elsewhere [13]. When compared to
individual dietary surveys, FBS tend to overestimate food
consumption [16]. However, FBS are available for all
countries and hold long-term trends in food availability why
FBS are often used as a proxy for food consumption.

Shift in Food Consumption and the Link

to the Overweight and Obesity Epidemic

Increased Energy Intake

Ultimately, obesity reflects energy imbalance. Global estimates,

based on FBS, indicate that the available per capita food in
developed countries was 3138 kcal/person/day in 1969/1971
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and 3360 kcal/person/day between 2005 and 2007. In develop-
ing countries, the per capita food available increased from 2055
to 2619 kcal/person/day during the same three and a half decade
[3]- Most areas of the world have shown economic develop-
ment that has resulted in increased purchasing power which is
an important factor in explaining the increasing caloric intake
[17]. Of note, according to some income projections for 2050,
the world will be immensely richer and with less pronounced
relative gaps between the per capita incomes of the developed
and developing countries [18, 19].

A recent global analysis found that a higher energy intake
was sufficient to explain the increasing population body
weight especially in high-income countries [20¢]. An energy
intake body weight model was used to evaluate whether the
change in energy intake (estimated from FBS) was sufficient
to explain the change in body weight. Body weight was esti-
mated from global databases, national health and nutrition
survey reports and peer-reviewed papers with at least 4 years
between two observations. Also, studies with more robust
weight estimates have previously found similar results in
two populations: Swinburn et al. revealed that higher energy
intake estimated from the US food supply data was sufficient
to explain the increases in body weight in the US population
from the 1970s to 2000s [21]. Scarborough et al. reported that
higher energy intake, estimated from FBS, explained most of
the body weight increase in the UK from 1980s to 2000s [22].

Modern Diet: Energy-Dense, Ultra-Processed Food

While the traditional dietary pattern was based on fresh food,
the modern diet is primarily based on processed food most often
made and sold by transnational corporations. Food processing
is a variety of operations by which raw ingredients are extracted
or refined. Processed food is durable, convenient, ready to con-
sume and often cheap compared to fresh food. Food processing
is increasingly discussed as an important contributor to the obe-
sity epidemic [23]. Monteiro et al. have proposed a food clas-
sification system based on the extent of processing. The system
subdivides food into three groups: (1) unprocessed and mini-
mally processed (rice, meat, fruits, etc.) food. This is whole
food which is minimally processed in various ways (cleaning,
freezing, pasteurization, fermenting, etc.) that do not alter the
nutritional properties substantially; (2) processed culinary or
industry ingredients (sugar, vegetable oils, pasta, etc.); and (3)
ultra-processed products (breads, sweets, ready to eat/heat
meals, etc.). Ultra-processed food is a result of group 2 sub-
stances with no or little amounts of minimally processed food
from group 1 [24]. Ultra-processed food is designed to be con-
venient, ready to eat, and is most often consumed alone or in
combination with other processed food (bread with burger,
etc.). Because ultra-processed food is accessible, convenient
and portable, it induces unhealthy dietary patterns such as skip-
ping main meals and eating while doing other things [25].

Studies conducted, using the classification system, indicate
that ultra-processed foods are replacing traditional diets both in
developed and developing countries. A Norwegian study from
2015, using supermarket sales data, found that ultra-processed
foods represented 58.8 % of purchases in food retailers and
minimally processed foods accounted for 17.2 % [26]. A recent
study using the classification system on household budget sur-
veys reported that over 61 % of dietary energy in Canada came
from ultra-processed food, and data from Sweden show a
dramatical increase in consumption of ultra-processed food
[27+, 28]. In developing countries such as Chile and Brazil,
studies applying the classification system on houschold budget
surveys data reported consumption of ultra-processed food to
replace foods from groups 1 and 2 [29, 30]. With increased
purchasing power in the developing countries, ultra-processed
food has become more affordable and the convenience of these
products becomes important when people have less time. It is
cheap compared to traditional diets, and modern food market-
ing is concentrated on ultra-processed products compared to the
less profitable non- or minimally processed food [25].

Traditional diets mainly made from unprocessed and mini-
mally processed food and even when mixed with group 2 sub-
stances usually have adequate nutrient and energy density [25].
Compared to traditional diet, ultra-processed products are more
energy dense; have more added simple sugars (six times higher
than food from groups 1 and 2), sodium and saturated fat and
are low in dietary fibre (half compared to food from groups 1
and 2) [27, 30]. In Canada, dietary patterns dominated by ultra-
processed food exceeded World Health Organization recom-
mendations (designed to prevent and control obesity) for fat,
sugar and sodium, and are low on dietary fibre [27¢]. Evidence
from three prospective cohorts including 120.877 American
women and men shows that weight gain over a 4-year period
is associated with consumption of various processed foods
(such as potato chips, French fried potatoes, sugar-sweetened
beverages and processed meats) and inversely associated with
consumption of unprocessed food (however, not using the clas-
sification system mentioned above) [31].

In summary, the global economic growth, increase in
available per capita food and ultra-processed food as the
dominating source of energy have caused a global shift in
the food system. This shift is considered a major driver of
the increasing prevalence of overweight and obesity
throughout the world.

Overweight- and Obesity-Related Complications

A major concern associated with the increasing prevalence of
overweight and obesity is the high risk of accompanying com-
plications, such as type 2 diabetes, cardiovascular disease and
cancer. The health-related and economic problems associated
with these comorbid disorders are pronounced. In a recently
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published study including more than 10 million participants
from 239 prospective studies across four continents, all-cause
mortality was minimal for persons with BMI between 20 and
25 kg/m?. The relationship of BMI to mortality was strong and
positive; hazard ratio per 5 kg/m? units higher BMI was 1.39
(95 % confidence interval 1.34—1.43) in Europe, 1.29 (1.26—
1.32) in North America, 1.39 (1.34-1.44) in east Asia and
1.31 (1.27-1.35) in Australia and New Zealand [32¢¢]. Calle
et al. showed in a large prospective study involving more than
one million men and women that the lowest rates of death
from all causes were found at BMI between 23.5 and
24.9 kg/m® in men and 22.0 and 23.4 kg/m? in women [33].
Death rates increased throughout the range of overweight and
obesity for both men and women in all age groups [33]. Of
note, life expectancy of a moderately obese person could be
shortened by 2 to 5 years, while morbidly obese men could
reduce their life expectancy by almost 13 years [34]. In the
Prospective Studies Collaboration, including 900,000 adults,
it was demonstrated that for BMI above 25 kg/m?, every 5 kg/
m? higher BMI was associated with 30 % higher overall mor-
tality; 40 % for vascular; 60—120 % for renal, hepatic and
diabetic; 10 % for neoplastic and 20 % for respiratory and
for all other mortality [35]. A recent pooled analysis of 97
prospective cohorts with 1.8 million participants reported for
BMI above 25 kg/m?, every 5 kg/m? to be associated with
27 % higher risk of coronary heart disease and 18 % higher
risk of stroke. Higher blood pressure, cholesterol and glucose
were found to mediate half of this excess risk of coronary heart
disease and two thirds of the excess risk of stroke, with blood
pressure as the most important mediator [36].

The increasing prevalence of obesity and the severe health-
related problems are a major global socioeconomic burden.

Food supply, Type 2 Diabetes, Cardiovascular
Disease and Cancer

Type 2 Diabetes

The number of people with diagnosed diabetes has risen from
108 million in 1980 to 422 million in 2014, and the rise is
expected to continue. The global prevalence of diabetes
among adults over 18 years of age has risen from 4.7 % in
1980 to 8.5 % in 2014. Diabetes prevalence has been rising
more rapidly in middle- and low-income countries [37].

The global shift in the food system and in particular the
excessive caloric intake is a major driving force behind the
escalating obesity and type 2 diabetes epidemics worldwide;
however, diet quality also has independent effects on the in-
creasing prevalence of type 2 diabetes. In a study using econo-
metric models of repeated cross-sectional data on diabetes and
nutritional components of food from 175 countries, a relation-
ship was observed between dietary sugar exposure and
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diabetes, which was not explained by common variables in-
cluding obesity [38]. In a systematic review and meta-analy-
sis, Imamura et al. examined the prospective associations be-
tween consumption of sugar-sweetened beverages, artificially
sweetened beverages and fruit juice with development of type
2 diabetes. The authors concluded that habitual consumption
of sugar-sweetened beverages was associated with a higher
incidence of type 2 diabetes, independently of adiposity
[39]. In a subsequent modelling study, using data from the
UK, it was proposed that an incremental reduction in free
sugars added to sugar-sweetened beverages without the use
of artificial sweeteners could reduce the prevalence of over-
weight, obesity and type 2 diabetes [40]. Higher intake of
saturated fat and trans-fat has also been associated with type
2 diabetes, independently of obesity [41, 42]. Furthermore, in
a review seeking to assess current knowledge on the potential
epidemiological determinants for development of adipose tis-
sue inflammation causing obesity-related complications (type
2 diabetes, cardiovascular disease, cancer), trans-fatty acid
was proposed as a potential determinant contributing to the
inflammation in obesity [43].

Cardiovascular Disease

Diet quality also has independent effects on the risk of devel-
oping cardiovascular disease. In a recent state-of-the-art re-
view exploring the impact of food consumption on develop-
ment of cardiovascular disease, higher intake of refined, high-
glycaemic carbohydrates, excessive sugar-sweetened bever-
age consumption, intake of red and processed meats and
trans-fatty acids were all associated with higher risk of cardio-
vascular disease [44].

Cancer

While there is strong evidence that overweight and obesity
increase the risk of a number of cancer types including colo-
rectal cancer, oesophageal cancer and endometrial cancer in
women [45], evidence is also linking intake of red and proc-
essed meat to development of colorectal, pancreatic and pros-
tate cancer [46]. Further, higher consumption of salt, salted
food and food containing sugars is associated with an in-
creased risk of stomach and colorectal cancer [47].

As previously highlighted, the global increase in food con-
sumption, including higher intake of ultra-processed food
(rich on sugar and saturated fat) is considered a major driver
of the obesity epidemic. However, the global shift in food
consumption and supply might have direct effects on the in-
crease in type 2 diabetes, cardiovascular disease and cancer,
independently of overweight and obesity (Fig. 1).

What are the possible mechanisms explaining a direct link
between the shift in food supply and risk of type 2 diabetes,
cardiovascular disease and cancer?
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Fig. 1 The global shift in food supply is considered a driver of the
obesity epidemic and the increasing prevalence of accompanying
complications, such as type 2 diabetes, cardiovascular disease and

Evidence suggests that dietary factors alter intestinal ecol-
ogy in both rodent models and in humans, and the changed
ecology has been associated with clinical consequences [48].
Higher intake of ultra-processed food has been shown to in-
duce dysbiosis (abnormal changes in gut microbiota compo-
sition), which has been directly linked to type 2 diabetes,
cardiovascular disease and cancer. Type 2 diabetes is a meta-
bolic disorder defined by insulin resistance, endotoxaemia,
impaired intestinal permeability and chronic low-grade in-
flammation, all of which have been linked to diet-induced
dysbiosis [49]. With regard to cardiovascular disease, high-
fat, high red meat and low-fibre diets (the characteristics of a
diet consisting of ultra-processed food) have been associated
with reduced microbiota diversity, increased relative abun-
dance of undesirable microorganisms and increased produc-
tion of toxic compounds including the cardio-toxicant
trimethylamine N-oxide (TMAO) [50]. TMAO is a gut
microbiota-dependent metabolite shown to be both mechanis-
tically linked to atherosclerosis and whose levels have been
strongly linked to cardiovascular disease [51]. Lastly, there is
increasing evidence linking the gut microbiota and cancer. As
previously stated, diets high in fat and sugar and low in fibre
may result in reduced gut microbiota diversity. Combined
with the unfavourable effects of these diets that are mediated
by dietary components and microbial metabolites, it is likely
that these diets increase the risk of colorectal cancer [52].

Taken together, these data indicate changes in the gut mi-
crobiota as a potential direct link between the global shift in
the food system and risk of developing type 2 diabetes, car-
diovascular disease and colorectal cancer; potentially also oc-
curring in normal-weight individuals.

Key Actions to a Healthier Food System

What is the most effective way to slow the obesity epidemic
and the rising number of obesity-related complications? In this
review, we have addressed how global economic growth, in-
crease in available per capita food and cheap and unhealthy
ultra-processed food have caused a global shift in the food

cancer. However, the global shift might also have direct effects on the
development of type 2 diabetes, cardiovascular disease and cancer,
independently of obesity

system, and how this system is a major driver of the over-
weight and obesity epidemic.

While the global economic growth has enabled improved
healthcare services including treatments, there has been an
unexpected rise in the number of diseases and illnesses related
to increased prosperity at the same time, with obesity as the
major concern [53]. In many developing countries, the eco-
nomic growth has led to a shift from populations being under-
weight towards overweight. The cost associated with the bur-
den of overweight is expected to be vast and to affect individ-
uals, families and entire countries. This could potentially lead
to a paradoxical reduction in the economic growth of the
countries, as a burden of overweight adversely affects various
factors of economic growth, including labour supply, produc-
tivity, investment and education. It is important to identify
strategies for simultaneously controlling the climbing preva-
lence of overweight while maintaining the decrease in under-
weight. Appropriate, integrated and cost-effective public
health interventions are needed in order to further reduce the
prevalence of underweight and to prevent the increase in over-
weight [54].

The increased general income is a major driver of the rise in
available per capita food, which has been directly linked to the
higher prevalence of obesity. However, the global shift in the
food system has led to a change in which type of food we
consume, where ultra-processed food is the major calorie
contributor.

Public health interventions, education and information cam-
paigns are warranted to reduce the consumption of ultra-
processed food. Dietary guidelines and collaboration with the
food industry to label healthier food choices based on process-
ing, added sugar, salt and saturated fat can help people to make
healthier food choices [7, 55]. It is important to realize that the
global food systems do not aim to deliver optimal human diets;
their primary aim is to maximize profits. Ultra-processed food
has long shelf life and/or is ready to consume, which is an
enormous commercial advantage over fresh food. Therefore,
the public health interest in reducing consumption of ultra-
processed food conflicts with transnational food corporation’s
interest in increasing sales [56]. Cooperation with the food in-
dustry is a possible way of reducing consumption of ultra-
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processed food. The UK salt reduction programme is a success-
ful example of product reformulation in cooperation with the
industry to reduce salt intake [57]. Multifactorial systemic
changes are needed to slow the obesity epidemic, and it has
recently been argued that the only evidence-based approaches
to address the disease burden caused by unhealthy commodities
are public regulation and market intervention [58].

Conclusion

Global economic growth, increase in available per capita food
and low-cost high-energy content ultra-processed food have
caused a global shift in the food system and changed the
dietary pattern. The shift in food supply is considered a major
driver of the obesity epidemic and the increasing prevalence
of accompanying complications, such as type 2 diabetes, car-
diovascular disease and cancer. However, the global shift
might also have direct effects on the increase in type 2 diabe-
tes, cardiovascular disease and cancer, independently of over-
weight and obesity. Multifactorial systemic changes, especial-
ly public regulation and market interventions, are needed to
slow the obesity epidemic.
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