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xcept in eastern Europe and parts of Africa, mortality among
adults has declined in most countries for decades.1 Lower rates of death from
infectious diseases were the early driver of this improvement, but there have
been subsequent declines in mortality from cardiovascular disease and some cancers.2,3
There have also been important trends in various cancers2 — for example, the rise
and subsequent decline in lung-cancer incidence and mortality among men in many
high-income countries, a decline in stomach-cancer incidence and mortality as
economies develop, and the worldwide increase in breast-cancer incidence.
The hazardous effects of behavioral and dietary risk factors on noncommunicable diseases, and the metabolic and physiological conditions that mediate their
effects, have been established in prospective cohort studies and randomized trials.
This knowledge, together with data from risk-factor surveillance, has helped to
establish the mortality and disease burden attributable to risk factors, globally and
by region and country.4-7 There is less information on risk-factor trends, which
makes it difficult to assess how they have affected population health in the past
or how they may do so in the future.
In this article, we summarize the available data on trends in selected behavioral and dietary risk factors for noncommunicable diseases and examine the effects they have had, or may have in the future, on the health of populations around
the world. Risk factors such as smoking, alcohol consumption, excess weight,
and dietary factors are responsible for a large share of the global disease burden,
directly or through conditions such as high blood pressure and elevated blood
glucose and cholesterol levels (Fig. 1).4,5

Smok ing
The hazardous effects of smoking on mortality from cancers and cardiovascular
and respiratory diseases have been known for decades. Effects on other globally
important diseases such as diabetes8 and tuberculosis9 have also been shown. In
parallel, evidence of the hazards of smoking in Asian countries has established that
it is a global problem.10-12 Moreover, exposure of pregnant women, children, and
nonpregnant adults to secondhand smoke at home and in public places is associated with adverse birth outcomes, childhood respiratory diseases, and many of the
same diseases that are associated with active smoking.13
In most Western high-income countries, the prevalence of smoking increased
among men in the first half of the 20th century and peaked in the post–World War
II decades, with 80% of men having smoked at some point in their adult lives.
Smoking among men subsequently declined in English-speaking countries and in
northern Europe, followed by more than two decades of decline in age-standardized
mortality from lung cancer (Fig. 2A) and in deaths from other diseases attributable
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Figure 1. Deaths and Burden of Disease Attributable to Selected Behavioral and Dietary Risk Factors in 2010
and the Metabolic and Physiological Mediators of Their Hazardous Effects.
High-income regions are Australasia, the Asia–Pacific region, North America, and western Europe. The figure shows deaths
(Panel A) and disease burden (Panel B) attributable to the total effects of each individual risk factor. There is overlap among the
effects of risk factors because of multicausality and because the effects of some risk factors (e.g., physical inactivity) are partly
mediated through other risk factors (e.g., high body-mass index [BMI]). Therefore, the deaths and disease burden attributable to
individual risk factors cannot simply be added together. DALYs denotes disability-adjusted life-years. Data are from Lim et al.5
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to smoking.15 The prevalence of smoking among
women rose throughout the second half of the
20th century, first in English-speaking countries
and northern European countries, then in Japan
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Figure 2. Trends in Lung-Cancer Mortality and
Prevalence of Daily Tobacco Smoking in 2008.
Panels A and B show trends in age-standardized mortality
from lung cancer among men and women, respectively,
30 years of age or older. Death rates are age-standardized
to the World Health Organization (WHO) standard population. Data are from the WHO database of vital statistics,
with adjustment for completeness of death registration
and for validity and comparability of cause-of-death assignment. Panel C shows the age-standardized prevalence of daily tobacco smoking among adults in 2008,
according to WHO region. Data are from the WHO.14
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and countries in Latin America and central and
southern Europe. The more recent declines in
the United Kingdom, North America, and Australia are beginning to translate into a plateau or
decline in lung-cancer mortality (Fig. 2B) and in
smoking-attributable deaths from other diseases
among women.15 However, lung-cancer mortality
continues to rise among continental European
women (Fig. 2B).
The majority of the more than 1 billion smokers worldwide now live in low- and middle-income
countries. The prevalence of smoking has fallen
below 20% in Australia and Canada but has plateaued at high levels among men and women in
central and eastern Europe, among women in
some western and southern European countries,
and among men in East Asia (Fig. 2C).14 An estimated 60% of men in some countries in eastern Europe and East Asia smoke. The prevalence
of smoking among women is still highest in
Western societies, with a prevalence of about
40% in some European countries.14 The prevalence of smoking remains relatively low in subSaharan Africa (Fig. 2C), and smokers there tend
to smoke fewer cigarettes than do their Western
and Asian counterparts.
In addition to shifting patterns of smoking
prevalence, there have been changes in the type
of cigarettes available, including the introduction of “low-tar” and “light” cigarettes. A recent
review concluded that “five decades of evolving
cigarette design had not reduced overall disease
risk among smokers.”16 Prevention and cessation
remain the only effective public health measures
to reduce the harmful effects of smoking.
Tobacco smoking and exposure to secondhand smoke together are responsible for about
6.3 million annual deaths worldwide and 6.3%
of the global burden of disease, mostly in lowand middle-income countries (Fig. 1).5 The death
toll from smoking is especially large in eastern
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Europe, where the prevalence of smoking and
the prevalence of other cardiovascular risk factors are concurrently high; this death toll is
increasing in the large populations of Asia and
slowly declining in Western countries. In addition to smoking, oral tobacco use and betel-nut
chewing are highly prevalent in South Asia and
are responsible for a large number of cases of
oral cancer and deaths from this disease.17

A l c ohol C onsump t ion
Alcohol consumption is associated with numerous diseases and injuries. Moderate alcohol consumption has been inversely associated with the
risk of cardiovascular diseases and diabetes, although the benefits may be greater for persons
with existing cardiovascular risk factors than for
those without such risk factors.18 Epidemiologic
studies that have measured both the amount and
patterns of alcohol consumption have shown
that heavy episodic (or binge) drinking not only
substantially raises the risk of injuries but can
also increase the risk of or exacerbate cardiovascular disease and liver disease.19-21
Although cultural factors are important determinants of alcohol consumption, including
harmful drinking, social change and policy interventions have modified alcohol-drinking behaviors in some countries.22,23 For example, per
capita alcohol consumption has decreased by
about one half in traditional wine-producing and
wine-drinking countries such as Italy and France
during the past few decades22,23; during the
same period, it has doubled in the United Kingdom and Denmark, and levels of consumption
in the two groups of countries have converged
(Fig. 3). Alcohol consumption has increased
steadily in Japan, China, and many other countries in Asia, where it was previously low.
Alcohol consumption is responsible for about
2.7 million annual deaths and 3.9% of the
global burden of disease (Fig. 1).5 The major
contributors to the alcohol-attributable disease
burden are cancers, chronic liver disease, un
intentional injuries, alcohol-related violence, neuropsychiatric conditions, and, in some regions
(especially eastern Europe) that have a high prev
alence of binge and harmful drinking, a large
death toll from cardiovascular diseases.4,5,24,25
The role of alcohol consumption in injuries and
violence among young adults and in nonfatal
neuropsychiatric conditions makes its contribun engl j med 369;10

tion to the disease burden larger than its contribution to mortality, relative to other risk factors
for noncommunicable diseases (Fig. 1).
Alcohol consumption is the leading single
cause of the disease burden in eastern Europe
and is one of the top three risk factors, along
with high blood pressure and overweight or obesity, in much of Latin America, where it ranks
ahead of smoking.4,5,7 The effects of alcohol on
population health are greatest in Russia and
some other former Soviet republics. Though recorded per capita alcohol consumption in Russia
is the same as or only slightly higher than consumption in western European countries, the
health effects are substantially larger. In traditional wine-producing countries, most alcohol
is consumed as wine during meals, in relatively
modest daily amounts, by a large proportion of
the population. In contrast, in Russia and neigh
boring countries, men (especially those of low so
cioeconomic status) consume very large amounts
of spirits, either as a regular daily habit or by
binge drinking. A substantial proportion of con
sumed alcohol is from unrecorded and nonbeverage sources such as medicinal and industrial
ethanol. Alcohol consumption may be responsible for one third to one half of deaths among
young and middle-aged men in Russia.24,26 In
contrast to the current, enormous death toll,
mortality declined temporarily in the 1980s,
when policies introduced under Mikhail Gorbachev reduced alcohol consumption by about
one half (Fig. 3).25

E xce ss W eigh t a nd Obe si t y
Numerous observational studies in Western and
Asian populations have associated different measures of adiposity and excess body weight with
increased total mortality and increased risks of
disease or death from diabetes, ischemic heart
disease and ischemic stroke, cancers, chronic
kidney disease, and osteoarthritis.27-32 The risks
of diabetes and ischemic heart disease increase
monotonically with an increase in the body-mass
index (BMI, the weight in kilograms divided by
the square of the height in meters), starting at a
BMI in the low 20s. In contrast, the association
with hemorrhagic stroke, which is more common in Asian populations than in other populations, has been observed only at a BMI of 25 or
higher.27,31 Currently, excess weight is responsible for about 3.4 million annual deaths and 3.8%
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Figure 3. Trends in Recorded Per Capita Alcohol Consumption by Adults in Selected Countries.
In addition to recorded consumption, there is unrecorded consumption in some countries. For example, in 2005,
adult per capita unrecorded consumption was estimated to be less than 0.5 liters per year in Japan and France;
1 to 2 liters per year in China, the United Kingdom, and the United States; and close to 5 liters per year in Russia.
Data are from the WHO Global Information System on Alcohol and Health (http://apps.who.int/gho/data/node
.main.GISAH).

of the global burden of disease, with diseases
that have low mortality and long periods of disability, such as diabetes and musculoskeletal diseases, accounting for a proportion of this burden
(Fig. 1).5
In recent decades, men and women in all but
a few countries have gained weight, with the
age-standardized mean BMI increasing by more
than 2 units per decade in some Pacific islands
(Fig. S1 in the Supplementary Appendix, available
with the full text of this article at NEJM.org). In
high-income regions, the BMI is higher in Englishspeaking countries than in continental Europe
and the Asia–Pacific region, especially for women. The global prevalence of obesity (defined as
a BMI ≥30) doubled between 1980 and 2008, to
9.8% among men and 13.8% among women
— equivalent to more than half a billion obese
people worldwide (205 million men and 297 million women) (Fig. 4).33,34 An additional 950 million
adults have a BMI of 25 to less than 30. The United
States has had the largest absolute increase in
the number of obese people since 1980, followed by China, Brazil, and Mexico.33 Currently, the age-standardized mean BMI ranges from
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less than 22 in parts of sub-Saharan Africa and
Asia to 30 to 35 in some Pacific islands and
countries in the Middle East and North Africa.34
The prevalence of obesity ranges from less than
2% in Bangladesh to more than 60% in some
Pacific islands.33

Die t a nd Nu t r i t ion
Centuries after the effects of specific dietary intakes on conditions such as scurvy were discovered, nutritional epidemiology has established
the associations of specific foods and nutrients
or overall dietary patterns with cancers, cardiovascular diseases, and diabetes35,36 and with intermediate outcomes such as weight gain, increased blood pressure, and insulin resistance
and hyperglycemia.37-39 The large body of observational studies is increasingly complemented by
well-designed randomized trials that have, for example, shown the benefits of lower salt intake, the
replacement of saturated fats with polyunsaturated
fats, and healthy dietary patterns.37,38,40,41 Low dietary intakes of fruits, vegetables, whole grains, or
nuts and seeds or a high dietary intake of salt are
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Figure 4. Trends in the Number of Obese Persons, According to Region.
Obesity is defined as a BMI of 30 or higher. High-income North America includes Canada and the United States;
high-income Asia–Pacific includes Brunei, Japan, Singapore, and South Korea. See Figure S1 in the Supplementary
Appendix for the rise in BMI by country. Data are from Stevens et al.33

individually responsible for 1.5% to more than 4%
of the global disease burden (Fig. 1).5
There have so far been few population-based
analyses of trends in specific dietary risk factors. Administrative data, such as the United
Nations Food and Agriculture Organization (FAO)
food balance sheets, provide a broad picture of
dietary patterns and trends based on the availability of different food types for human consumption. FAO data show that consumption of
animal fats and high-calorie foods is increasing
in Mediterranean countries, such as Greece, but
declining slightly in Nordic countries and New
Zealand,42 with consumption in these countries
converging at similar levels (Fig. 5A). These
changes may also partly explain trends in serum
cholesterol levels, which have declined more
rapidly in Nordic countries and New Zealand
than in southern Europe, with cholesterol levels
now lower in Sweden and Finland than in Italy.45 Dietary change has been even more drastic
in parts of Asia, with China rapidly adopting a
Western, animal-based diet (Fig. 5A) and having
one of the largest worldwide increases in serum
cholesterol levels.45

n engl j med 369;10

Parallel to this westernization trend, fruits,
vegetables, nuts, and cereals have become more
available in Nordic and English-speaking Western countries and in Asia, partly because technological and economic developments have
increased year-around availability through expanded production, imports, and storage capacity (Fig. 5B). Similarly, there has been a
modest increase in the availability of fish and
other marine products in some Western and
Asian countries (Fig. 5C).
The FAO data, which are based on agricultural production and trade statistics, do not
capture food waste or subsistence production,
nor do they account for food processing. For
example, these data do not include specific information about consumption of refined flour
versus whole grains, sugar-sweetened beverages,
and partially hydrogenated vegetables oils (and
hence trans-fat consumption), all of which are
important dietary risk factors. The FAO databases also do not record consumption of salt,
which is common in the diets of countries at all
stages of economic development.46 A high intake of salt is a risk factor for stomach cancer

nejm.org

september 5, 2013

959

The New England Journal of Medicine
Downloaded from nejm.org at VIRGINIA COMMONWEALTH UNIV on September 5, 2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

A
100

Germany
Norway
Finland
New Zealand
Greece

90

Diet 1 Score (percentile)

80
70

China

60

South Korea

50
40

Kenya

30

India

20
10
0

1970

1975

1980

1985

1990

1995

2000

2005

2010

B

Greece
South Korea
China
Germany
Norway

100
90

Diet 2 Score (percentile)

80

New Zealand

70
Finland
India

60
50
40
30

Kenya

20
10
0

1970

1975

1980

1985

1990

1995

2000

2005

2010

C
South Korea
China

100
90

Norway

Diet 3 Score (percentile)

80

Finland
New Zealand
Germany

70
60
50

Greece

40
30
20

India

10

Kenya

0

1970

960

1975

1980

1985

n engl j med 369;10

1990

nejm.org

1995

2000

2005

2010

september 5, 2013

The New England Journal of Medicine
Downloaded from nejm.org at VIRGINIA COMMONWEALTH UNIV on September 5, 2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.

global health

Figure 5 (facing page). Trends in Composite Dietary
Scores in Selected Countries.
Each dietary score is a composite indicator that captures
the availability of 21 food types in the United Nations
Food and Agriculture Organization food balance
sheets. A high Diet 1 score (Panel A) indicates a high
availability of sugars; meat, animal products, animal
fats, milk, and eggs; and total calories, as well as a low
availability of pulses (legumes) and cereals. A high Diet 2
score (Panel B) indicates a high availability of nuts; fruits,
vegetables, and vegetable oils; cereals; and total calories.
A high Diet 3 score (Panel C) indicates a high availability
of fish, aquatic products, and oil crops (e.g., soybeans,
coconuts, and olives) and a relatively low availability of
milk and pulses. Scores were calculated with the use of
principal-component analysis, an approach that aggregates food types on the basis of the degree of correlation to each other within the data set.43,44 Because principal components do not have a directly interpretable
scale, we used percentiles of values (smoothed using a
5-year moving average) for presentation. The re-scaled
values therefore range from 0% (lowest value observed
in any country in the world between 1970 and 2009) to
100% (highest value observed in any country in the
world between 1970 and 2009).

and also for elevated blood pressure, which in
turn increases the risk of stroke, other cardiovascular diseases, chronic kidney disease, and
kidney cancer. A decrease in dietary salt in Japan
and Finland, countries in which salt intake was
previously more than 20 g per day in some areas,
has been associated with a decline in rates of
stomach cancer and hemorrhagic stroke.47,48

Ph ysic a l Ac t i v i t y
Studies of the beneficial health effects of physical activity date back to the 1950s49 and have
been replicated in large cohorts.50 Physical activity at work, walking, and, in some populations,
bicycling used to be major contributors to total
energy expenditure but have declined dramatically in industrial and urban societies. Paralleling this shift, more recent epidemiologic studies
in high-income countries have focused on leisure-time activity, with less emphasis on work
and methods of local transportation, which are
important in developing countries.51 Only recently has attention been given to population-based
measurement of physical activity in countries at
all stages of urbanization and economic development. The limited available global data nonetheless show low levels of activity and long periods
in sedentary conditions in high-income and ur-

n engl j med 369;10

banized countries and higher activity levels in
rural populations that engage in agricultural activity and walk or bicycle long distances for daily
activities.

The Gl ob a l R isk-Fac t or
T r a nsi t ion
Thus far, the epidemiologic transition has been
viewed as a process through which the share of
noncommunicable diseases as causes of death increases with declining mortality and rising longevity. As population-based data on medical
causes of death and, more recently, on risk factors
have become available, a more complete picture of
the epidemiologic transition is emerging — one
in which the interplay among risk factors and
medical care leads to distinct disease patterns in
different populations, with variations even among
noncommunicable diseases.2 Despite this diversity, an increasingly salient feature of risk-factor
transitions is that many behavioral and dietary
risks, and their metabolic and physiological mediators, that have been prominent in high-income
countries are now at the same or higher levels in
low- and middle-income countries.44 This pattern parallels the higher prevalence of most risk
factors and higher mortality from noncommunicable diseases in lower socioeconomic groups
than in higher socioeconomic groups within
high-income countries.52
Knowledge of risk-factor trends provides a
more complete picture of the epidemiologic
transition as well as lessons for how the risk
factors can be reduced and managed in countries at all levels of economic development, with
the use of various preventive strategies.2 From a
public health perspective, smoking is currently
the most policy-responsive behavioral risk factor, with major successes in tobacco control in a
number of high- and middle-income countries
but with a shifting burden to low- and middleincome nations. Harmful alcohol consumption
has been curbed in some Western countries but
remains a major public health burden or is even
worsening in others, especially in eastern Europe and Latin America.25 Curbing its current
harms and preventing its rise in Asia and other
developing regions with the use of interventions
known to be effective2 should be a priority.
Although dietary patterns are shaped by cultural, environmental, technological, and eco-
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nomic factors, they can also be modified through
mechanisms that range from broad food and
agricultural policies to targeted pricing and
regulatory interventions related to specific
harmful or beneficial dietary components. Such
mechanisms are reviewed elsewhere.2,53
The availability of population-based and personal interventions for tobacco smoking, excessive alcohol consumption, and elevated blood
pressure or lipid levels has made overweight,
obesity, and high blood glucose levels the wild
cards of noncommunicable-disease risks globally. Some have argued that the obesity epidemic may reverse life-expectancy gains in
high-income nations.54 At the same time, blood
pressure and cholesterol levels, which partially
mediate the hazardous effects of excess weight
on cardiovascular diseases, have declined in
most high-income countries and in parts of
Latin America.43,45 This has probably helped
dampen or delay the effects of weight gain on
cardiovascular diseases, which have declined
impressively in industrialized countries.55 However, there are currently few effective measures
against the harms of overweight and obesity
with respect to hyperglycemia, diabetes, and
cancers, making the concurrent epidemic of
diabetes a global health challenge.56 Randomized trials of dietary changes (in some cases
combined with exercise) have shown moderate
weight-loss benefits for up to 2 years,57 but the
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long-term and large-scale community effectiveness of such interventions has not been established.58 Similarly, studies have modeled or
qualitatively assessed the potential benefits of
physical-activity interventions,59 but the empirical evidence of their effectiveness at the population level remains limited. As a result, policy
options and recommendations for weight control60 and increased physical activity remain
broad and untested but are needed to avoid a
slowdown or even reversal of the progress in
mortality reduction.2
Although the behaviors of individuals are
important factors in the patterns of risk factors
for noncommunicable diseases, successful efforts to reduce smoking, alcohol consumption,
and, more recently, trans-fat and salt consumption show that there is great scope for collective
action through policy formulation and implementation.2 Successful policies, such as tobacco
and alcohol taxes and restrictions, should be
replicated in all populations. There is also a
need for bold and creative policies that address
harmful alcohol consumption, improve diet, and
increase physical activity.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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