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The 2021 American Heart Association (AHA) Statistical Update uses updated language surrounding race and

ethnicity to honor the people belonging to each group. Instead of referring to a specific group with only the name

of their race or ethnicity, we have identified each race or ethnic classification with terms such as “Asian people,”

“Black adults,” “Hispanic youth,” “White females,” or similar terms. Key Words: AHA Scientific Statements
m cardiovascular diseases

m epidemiology ® risk factors

| statistics ® stroke

As the AHA continues its focus on health equity to address structural racism, we are working actively to reconcile
language used in previously published data sources and studies as we compile this information in the annual
Statistical Update. We strive to use the racial and ethnic terms from the original data sources or published studies

(mostly from the past 5 years), which may not be as inclusive as the terms now used in 2021. As style guidelines © 2021 American Heart Association, Inc.
for scientific writing evolve, they will serve as guidance for data sources and publications and how they are cited in
future Statistical Update publications. https://www.ahajournals.org/journal/circ
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Heart Disease and Stroke Statistics—2021 Update: Summary

BACKGROUND: The American Heart Association, in conjunction with the National Institutes of Health,
annually reports the most up-to-date statistics related to heart disease, stroke, and cardiovascular

risk factors, including core health behaviors (smoking, physical activity, diet, and weight) and health
factors (cholesterol, blood pressure, and glucose control) that contribute to cardiovascular health. The
Statistical Update presents the latest data on a range of major clinical heart and circulatory disease
conditions (including stroke, congenital heart disease, rhythm disorders, subclinical atherosclerosis,
coronary heart disease, heart failure, valvular disease, venous disease, and peripheral artery disease) and
the associated outcomes (including quality of care, procedures, and economic costs).

METHODS: The American Heart Association, through its Statistics Committee, continuously monitors
and evaluates sources of data on heart disease and stroke in the United States to provide the most
current information available in the annual Statistical Update. The 2021 Statistical Update is the
product of a full year's worth of effort by dedicated volunteer clinicians and scientists, committed
government professionals, and American Heart Association staff members. This year’s edition includes
data on the monitoring and benefits of cardiovascular health in the population, an enhanced focus on
social determinants of health, adverse pregnancy outcomes, vascular contributions to brain health, the
global burden of cardiovascular disease, and further evidence-based approaches to changing behaviors

related to cardiovascular disease.

RESULTS: Each of the 27 chapters in the Statistical Update focuses on a different topic related to heart

disease and stroke statistics.

CONCLUSIONS: The Statistical Update represents a critical resource for the lay public, policy makers,
media professionals, clinicians, health care administrators, researchers, health advocates, and others
seeking the best available data on these factors and conditions.
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SUMMARY

Each year, the American Heart Association (AHA),
in conjunction with the National Institutes of Health
and other government agencies, brings together in
a single document the most up-to-date statistics re-
lated to heart disease (HD), stroke, and the cardio-
vascular risk factors in the AHA's My Life Check-Life's
Simple 7 (Figure)," which include core health behav-
iors (smoking, physical activity, diet, and weight) and
health factors (cholesterol, blood pressure [BP], and
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Figure. AHA's My Life Check-Life's Simple 7.

Seven approaches to staying heart healthy: be active, keep a healthy weight,
learn about cholesterol, do not smoke or use smokeless tobacco, eat a
heart-healthy diet, keep blood pressure healthy, and learn about blood sugar
and diabetes.” AHA indicates American Heart Association; HDL, high-density
lipoprotein; and LDL, low-density lipoprotein.

glucose control) that contribute to cardiovascular
health. The Statistical Update represents a critical re-
source for the lay public, policy makers, media pro-
fessionals, clinicians, health care administrators, re-
searchers, health advocates, and others seeking the
best available data on these factors and conditions.
Cardiovascular disease (CVD) produces immense
health and economic burdens in the United States
and globally. The Statistical Update also presents the
latest data on a range of major clinical heart and
circulatory disease conditions (including stroke, con-
genital HD, rhythm disorders, subclinical atheroscle-
rosis, coronary HD [CHD], heart failure [HF], valvular
HD, venous disease, and peripheral artery disease)
and the associated outcomes (including quality of
care, procedures, and economic costs). Since 2007,
the annual versions of the Statistical Update have
been cited >20000 times in the literature.

Each annual version of the Statistical Update under-
goes revisions to include the newest nationally repre-
sentative available data, add additional relevant pub-
lished scientific findings, remove older information, add
new sections or chapters, and increase the number of
ways to access and use the assembled information. This
year-long process, which begins as soon as the previ-
ous Statistical Update is published, is performed by the
AHA Statistics Committee faculty volunteers and staff
and government agency partners. Below are a few
highlights from this year’s Statistical Update. Please see
each chapter for references and additional information.
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Cardiovascular Health (Chapter 2)

e The 5 US states with the highest health-adjusted
life expectancy at birth include Hawaii, Minnesota,
California, Connecticut, and Nebraska. The 5 US
states with the lowest health-adjusted life expec-
tancy at birth include West Virginia, Kentucky,
Alabama, Oklahoma, and Louisiana.

¢ High body mass index, high fasting plasma glu-
cose, and smoking are the first, second, and third
leading years lived with disability and injury risk fac-
tors in the United States in both 1990 and 2019,
whereas smoking dropped from first to third lead-
ing years lived with disability and injury risk factor
during this time period.

¢ Smoking and high systolic BP remained the first
and second leading years of life lost risk factors in
the United States in both 1990 and 2019.

¢ High systolic BP and smoking are the first and sec-
ond leading years of life lost risk factors globally in
2019.

¢ High fasting plasma glucose and high body mass
index were the first and second leading years lived
with disability and injury risk factors globally in
2019.

Smoking/Tobacco Use (Chapter 3)

¢ The prevalence of cigarette use in the past 30 days
among middle and high school students in the United
States was 2.3% and 5.8%, respectively, in 2019.

e Although there has been a consistent decline in
adult and youth cigarette use in the United States,
significant disparities persist. Substantially higher
tobacco use prevalence rates are observed in
American Indian/Alaska Native individuals and les-
bian, gay, and bisexual populations.

e QOver the past 8 years, there has been a sharp
increase in electronic cigarette use among adoles-
cents, increasing from 1.5% to 27.4% between
2011 and 2019; electronic cigarettes are now
the most commonly used tobacco product in this
demographic.

¢ Tobacco use was the second leading cause of dis-
ability-adjusted life-years in the United States in
2016. Globally, smoking accounted for 8.7 million
deaths worldwide in 2019.

e Tobacco 21 legislation was signed into law in
December 2019, increasing the federal minimum
age for sale of tobacco products from 18 to 21
years. In January 2020, the US Food and Drug
Administration issued a policy prioritizing enforce-
ment against the development and distribution of
certain unauthorized flavored electronic cigarette
products such as fruit and mint flavors (ie, any fla-
vors other than tobacco and menthol).

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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® In the Systolic Blood Pressure Intervention Trial
(SPRINT), there was a J-shaped associated between

Physical Inactivity (Chapter 4)
¢ In a nationally representative sample of high school
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students in 2017, 26.1% reported achieving at
least 60 minutes of daily physical activity.

In a nationally representative sample of adults in
2018, 24.0% reported participating in adequate
leisure-time aerobic and muscle-strengthening
activity to meet US recommendations for physical
activity.

In a harmonization of 8 prospective studies using
accelerometry to assess movement, over a median
of 5.8 years of follow-up, the highest quartile of
light and moderate to vigorous physical activity
compared with the lowest quartile (least active)
was associated with a lower risk of all-cause mor-
tality. Time in sedentary behavior was associated
with a higher risk of all-cause mortality compared
with the lowest quartile (least sedentary).

Nutrition (Chapter 5)
e According to NHANES (National Health and

Nutrition Examination Survey; 2015-2016), <10%
adults met the guidelines for whole grains (=3
servings per day), whole fruits (=2 cups per day),
and nonstarchy vegetables (2.5 cups per day).
According to the AHA primary diet score, 47.8%
of US adults had poor diet quality in 2015 to 2016.
On the basis of the secondary score, 36.4% of US
adults had poor diet quality in 2015 to 2016.

In a large primary prevention trial among patients
with CVD risk factors, patients randomized to
unrestricted-calorie  Mediterranean-style diets
supplemented with extra-virgin olive oil or mixed
nuts had a #30% reduction in the risk of stroke,
myocardial infarction, and death attributable to
cardiovascular causes, without changes in body
weight.

Overweight and Obesity (Chapter 6)
e According to NHANES 2015 to 2018, among US

adults >20 years of age, the age-adjusted preva-
lence of obesity was 39.9% in males and 41.1%
in females; the prevalence of extreme obesity was
6.2% in males and 10.5% in females; the overall
prevalence of obesity among youth 2 to 19 years
of age was 19.0%.

In a study of 2625 participants with new-onset
diabetes pooled from 5 longitudinal cohort stud-
ies, rates of total, CVD, and non-CVD mortality
were higher among normal-weight people than
among overweight participants and participants
with obesity, with adjusted hazard ratios (HRs) of
2.08, 1.52, and 2.32, respectively.

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

body mass index and all-cause mortality and risk
of stroke. An increased risk of stroke was also
seen when participants with obesity were com-
pared with normal-weight participants in the
Copenhagen City Heart Study (HR, 1.4) and the
Copenhagen General Population Study (HR, 1.1).
In a retrospective cohort study of individuals with a
median follow-up of 3.9 years, patients in the bar-
iatric surgery group had a cumulative incidence of
major adverse cardiac events of 30.8% compared
with 47.7% among matched patients who did not
undergo bariatric surgery.

High Blood Cholesterol and Other Lipids
(Chapter 7)

e The Healthy People 2020 target is a mean popu-

lation total cholesterol level of 177.9 mg/dL for
adults, which had not been achieved among the
population of US adults or in any race/ethnic-
ity subgroup as of 2015 to 2018 NHANES data.
Conversely, the Healthy People 2020 target of
<13.5% for the proportion of adults with high
total cholesterol =240 mg/dL has been achieved as
of the combined period 2015 to 2018 for adults
overall and all race-sex subgroups.

Long-term exposure to even modestly elevated
cholesterol levels can lead to CHD later in life. In
an analysis of time-weighted average exposures to
low-density lipoprotein cholesterol (LDL-C) during
young (18-39 years of age) versus later (=40 years
of age) adulthood among 36 030 participants from
6 US cohorts, CHD rates were significantly elevated
among individuals who had young adult LDL-C
>100 (versus <100) mg/dL, independently of later
adult exposures (adjusted HR, 1.64). Specifically,
compared with LDL-C <100 mg/dL, adjusted HRs
were as follows: for LDL-C 100 to 129 mg/dL,
1.62; for LDL-C 130 to 159 mg/dL, 1.89; and for
LDL-C 2160 mg/dL, 2.03.

In a 20-year follow-up study, early initiation of
statin treatment among 214 children with famil-
ial hypercholesterolemia was associated with a
decrease in LDL-C by 32%, slowed progression
of subclinical atherosclerosis, and lower cumula-
tive incidence by 39 years of age of cardiovascular
events compared with affected parents (0% versus
7% and 1% versus 26% of fatal and nonfatal car-
diovascular events, respectively).

Among 5693 participants in PALM (Patient and
Provider Assessment of Lipid Management), a
nationwide registry of ambulatory community prac-
tices, females were less likely than males to receive
statin dosing at the guideline-recommended
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intensity (36.7% versus 45.2%; P<0.001) and
were more likely to not ever have been offered
statin therapy despite being eligible (18.6% versus
13.5%) compared with males.

High Blood Pressure (Chapter 8)
e Analysis of NHANES 1999 to 2002, 2007 to 2010,

and 2015 to 2018 found large increases in hyper-
tension awareness, treatment, and control (=10%)
within each race/ethnicity and sex subgroup except
for Black females. Among Black females, levels of
hypertension awareness, treatment, and control
increased between 1999 to 2002 and 2007 to
2010 but decreased between 2007 to 2010 and
2015 to 2018.

With the use of 2017 guidelines from the American
Academy of Pediatrics, analysis of data for children
and adolescents 8 to 17 years of age (n=12249)
from NHANES 2003 to 2004 through NHANES
2015 to 2016 found that the prevalence of either
elevated BP or hypertension (combined) significantly
declined from 16.2% in 2003 to 2004 to 13.3% in
2015 to 2016 and the prevalence of hypertension
declined from 6.6% to 4.5% in this age group.

In NHDS (National Hospital Discharge Survey) data
compiled by the Centers for Disease Control and
Prevention, chronic hypertension in pregnancy
(defined as systolic BP =140 mmHg or diastolic BP
>90 mmHg either before pregnancy or up to the
first 20 weeks during pregnancy) increased >13-
fold between 1970 and 2010. Black women had
a persistent 2-fold higher rate of chronic hyper-
tension compared with White women over the
40-year period.

Diabetes (Chapter 9)
= On the basis of data from NHANES 2013 to 2016,

an estimated 26 million adults have diagnosed dia-
betes, 9.4 million adults (3.7%) have undiagnosed
diabetes, and 91.8 million adults (37.6%) have
prediabetes.

The age-adjusted prevalence of diagnosed diabe-
tes in adults =18 years of age increased from 6.4%
in 1999 to 2002 t0 9.4% in 2013 to 2016. In con-
trast, the age-adjusted prevalence of undiagnosed
diabetes was similar from 1999 to 2002 (3.1%)
and 2013 t0 2016 (2.6%).

Among adults with diagnosed diabetes in
NHANES 2013 to 2016, 9.9% had a hemoglobin
A, 210.0%, and this was more prevalent among
adults 18 to 44 years of age (16.3%) than adults
>65 years of age (4.3%).

In NHIS (National Health Interview Survey) 2013 to
2017, adults with diabetes <65 years of age were

e258 February 23, 2021
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more likely to report overall financial hardship from
medical bills (41.1%) than adults with diabetes
>65 years of age (20.7%). The prevalence of cost-
related medication nonadherence was 34.7% and
delayed medical care was 55.5% among adults
with diabetes <65 years of age.

= |n 2016, of 154 health conditions evaluated, dia-

betes had the highest public insurance spending
($55.4 billion).

Metabolic Syndrome (Chapter 10)

¢ Uncertainty remains concerning the definition of

the obesity component of metabolic syndrome
(MetS) in the pediatric population because it is
age dependent. Therefore, use of body mass index
percentiles and waist-height ratio has been rec-
ommended. According to the Centers for Disease
Control and Prevention and FitnessGram standards
for pediatric obesity, the prevalence of MetS in
obese youth ranges from 19% to 35%.

On the basis of NHANES 2007 to 2014, the overall
prevalence of MetS was 34.3% and was similar
for males (35.3%) and females (33.3%). The prev-
alence of MetS increased with age, from 19.3%
among people 20 to 39 years of age to 37.7% for
people 40 to 59 years of age and 54.9% among
people =60 years of age.

Each 1000-steps-per-day increase is associated
with lower odds of having MetS (odds ratio, 0.90)
in American men.

In a meta-analysis including 17 prospective longi-
tudinal studies with 602 195 women and 15945
cases of breast cancer, MetS was associated with
increased risk of incident breast cancer in post-
menopausal women (adjusted relative risk, 1.25)
but significantly reduced breast cancer risk in pre-
menopausal women (adjusted relative risk, 0.82).
Further analyses showed that the association
between MetS and increased risk of breast cancer
was observed only among White and Asian women,
whereas there was no association in Black women.

Adverse Pregnancy Outcomes (Chapter 11)
¢ Adverse pregnancy outcomes (including hyperten-

sive disorders of pregnancy, gestational diabetes,
preterm birth, and small for gestational age at
birth) occur in 10% to 20% of pregnancies.

According to a meta-analysis of individual par-
ticipant data from 265270 females from 39
European, North American, and Oceanic cohort
studies, risk of adverse pregnancy outcomes was
greater with higher categories of prepregnancy
body mass index and greater degree of gestational
weight gain, with an adjusted odds ratio of 2.51

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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for women with prepregnancy obesity and high
gestational weight gain.

On the basis of a meta-analysis of 9 studies, ges-
tational hypertension was associated with a 67%
higher risk of subsequent CVD, and preeclampsia
was associated with a 75% higher risk of subse-
quent CVD-related mortality.

Among 2141709 live-born singletons in the
Swedish Birth Registry from 1973 to 1994 fol-
lowed up through 2015 (maximum, 43 years of
age), gestational age at birth was inversely associ-
ated with risk for premature CHD (adjusted HRs at
30-43 years of age versus full-term [39-41 weeks]
births: for preterm [<37 weeks], 1.53; for early
term [37-38 weeks], 1.19).

Kidney Disease (Chapter 12)

Overall prevalence of chronic kidney disease (esti-
mated glomerular filtration rate <60 mL-min-'-1.73
m~2 or albumin-to-creatinine ratio 230 mg/g) was
14.8% (2013-2016).

Incidence of end-stage kidney disease in the
United States is projected to increase 11% to 18%
through 2030.

In NHANES 1999 to 2014, 34.9% of adults with
chronic kidney disease used an angiotensin-con-
verting enzyme inhibitor/angiotensin receptor
blocker.

Rates of stress testing among Medicare beneficia-
ries declined from 2008 to 2012, but rates were
5% to 15% higher for those with chronic kidney
disease and end-stage kidney disease than for
those without chronic kidney disease.

Sleep (Chapter 13)

Analysis of 2018 BRFSS (Behavioral Risk Factor
Surveillance System) data indicated that the pro-
portion of adults reporting inadequate sleep (<7
hours) was 35.4%. Older people (>65 years of
age) were less likely to report sleeping <7 hours,

Heart Disease and Stroke Statistics—2021 Update: Summary

males and females 30 to 69 years of age have
mild to severe obstructive sleep apnea (apnea-
hypopnea index =5) and 425 million have mod-
erate to severe obstructive sleep apnea (apnea-
hypopnea index >15) globally. The prevalence was
highest in China, followed by the United States,
Brazil, and India.

Total Cardiovascular Diseases (Chapter 14)
* On the basis of NHANES 2015 to 2018 data, the

prevalence of CVD (comprising CHD, HF, stroke,
and hypertension) in adults =20 years of age is
49.2% overall (126.9 million in 2018) and increases
with age in both males and females. CVD preva-
lence excluding hypertension (CHD, HF, and stroke
only) is 9.3% overall (26.1 million in 2018).

From the combination of estimates from NHANES,
REGARDS (Reasons for Geographic and Racial
Differences in Stroke), and randomized controlled
trials for BP-lowering treatments, it was estimated
that achieving the 2017 American College of
Cardiology/AHA BP goals could prevent 3.0 million
(uncertainty range, 1.1 million-5.1 million) CVD
events (CHD, stroke, and HF) compared with cur-
rent BP levels, but achieving the 2017 American
College of Cardiology/AHA BP goals could also
increase serious adverse events by 3.3 million
(uncertainty range, 2.2 million—4.4 million).

The US IMPACT (International Model for Policy
Analysis of Agricultural Commodities and Trade)
Food Policy Model, a computer simulation model,
projected that a national policy combining a 30%
fruit and vegetable subsidy targeted to low-income
Supplemental Nutrition Assistance Program recipi-
ents and a population-wide 10% price reduction in
fruits and vegetables in the remaining population
could prevent =230000 deaths by 2030 and reduce
the socioeconomic disparity in CVD mortality by 6%.
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Stroke (Cerebrovascular Diseases and
Vascular Contributions to Brain Health)
(Chapter 15)

® In a county-level study, stroke mortality rates

and younger males (<45 years of age) were more
likely to report sleeping <7 hours.

¢ In the 2018 BRFSS, non-Hispanic Black people had
the highest percentage of respondents reporting

sleeping <7 hours per night (45.4%), whereas non-
Hispanic White people had the lowest percentage
(33.2%) of respondents reporting sleeping <7
hours.

A meta-analysis of 15 prospective studies observed
a significant association between the presence of
obstructive sleep apnea and the risk of cerebrovas-
cular disease (HR, 1.94).

An analysis of the global prevalence and burden of
obstructive sleep apnea estimated that 936 million

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

among US adults 35 to 64 years of age increased
from 14.7 per 100000 in 2010 to 15.4 per 100000
in 2016. Rates decreased among adults =65 years
of age from 299.3 per 100000 in 2010 to 271.4
per 100000 in 2016.

In a meta-analysis of 35 studies (n=2458010
patients), perioperative or postoperative atrial
fibrillation (AF) was associated with an increased
risk of early stroke (odds ratio, 1.62) and later
stroke (HR, 1.37). This risk was found in both

February 23,2021 @259
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patients undergoing noncardiac surgery (HR, 2.00)
and those undergoing cardiac surgery (HR, 1.20).

An analysis of the NHIS demonstrated that aware-
ness of stroke symptoms and signs among US
adults improved from 2009 to 2014. In 2014,
68.3% of the survey respondents were able to rec-
ognize 5 common stroke symptoms, and 66.2%
demonstrated knowledge of all 5 stroke symptoms
and the importance of calling 9-1-1.

In a meta-analysis of 9 studies, subclinical or
silent brain infarcts were associated with decline
in cognitive function on the Mini-Mental State
Examination score (standardized mean difference,
—-0.47). In the same meta-analysis, among 4 stud-
ies, subclinical or silent brain infarcts were associ-
ated with cognitive dysfunction on the Montreal

Heart Disease and Stroke Statistics—2021 Update: Summary

e A study examining public and private health

insurer records from 1996 to 2016 reported that
AF was 33rd in spending for health conditions
with an estimated $28.4 billion in 2016 dollars,
with an annualized rate of change of 3.4% during
this period.

In a controlled trial randomizing alcohol drinkers
with paroxysmal AF either to alcohol abstinence or
to continue their usual alcohol consumption, AF
recurred in 53% of the abstinence group and 73%
of the control group. Compared with the control
group, the abstinence group had a significantly
longer duration without AF recurrence (HR, 0.55)
and significantly lower AF burden (median percent
time in AF, 0.5% versus 1.2%).

Cognitive Assessment Scale (standardized mean

difference. —3.36) Sudden Cardiac Arrest, Ventricular

Arrhythmias, and Inherited
Channelopathies (Chapter 18)

Congenltal Cardiovascular Defects and e Sudden cardiac arrest and sudden cardiac death

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Kawasaki Disease (Chapter 16)

In 2018, the age-adjusted death rate attributable
to congenital cardiovascular defects in the United
States was 0.9 per 100000. The death rate was
higher for males than females.

In a recent study, adults with congenital cardio-
vascular defects requiring hospital admission for
HF demonstrated higher odds of longer length of
stay, incident arrhythmias, and in-hospital mortal-
ity compared with adults with HF without congeni-
tal cardiovascular defects.

The incidence of Kawasaki disease appears to be
rising worldwide, with potential contributions
from improved recognition, more frequent diag-
nosis of incomplete Kawasaki disease, and true
increasing incidence.

Disorders of Heart Rhythm (Chapter 17)

In 2018, 53895 deaths had arrhythmias as the
primary cause of death, and 564182 included
arrhythmia as one of the causes of death.

The prevalence of AF in the United States was esti-
mated to be 5.2 million in 2010, increasing to 12.1
million in 2030. In the United States, 1.2 million peo-
ple were newly diagnosed with AF in 2010. This num-
ber is projected to increase to 2.6 million by 2030.
The lifetime risk of AF has been estimated to be 1
in 3 among White people and 1 in 5 among Black
people.

Hypertension accounts for the largest proportion
of AF (=22%), followed by obesity, smoking, car-
diac disease, and diabetes.
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result from many different disease processes, each
of which can have different risk factors. Among
patients with out-of-hospital cardiac arrest (OHCA)
resuscitated and hospitalized from 2012 to 2016,
acute coronary syndrome and other cardiac causes
accounted for the largest proportion of causes.
Among patients with in-hospital cardiac arrest,
respiratory failure was the most common cause.
Among 5869 autopsied subjects with sudden
cardiac death, excluding cases with noncardiac
causes of death, in Finland between 1998 and
2017, ischemic cardiac disease represented 4392
(74.8%) and nonischemic cardiac diseases repre-
sented 1477 (25.2%). Over time, the proportion
of ischemic sudden cardiac death declined from
78.8% (1998-2002) to 72.4% (2013-2017).
According to multiple studies, sudden cardiac
arrest is more common in males than in females.
Females compared with males with OHCA are
older, less likely to present with shockable rhythms,
and less likely to collapse in public. Despite these
factors that would reduce survival, females have
equivalent or higher rates of survival to hospital
discharge or to 30 days relative to males.
Incidence of emergency medical services—treated
OHCA in people of any age is 76.5 individuals per
100000 population according to the 2019 CARES
(Cardiac Arrest Registry to Enhance Survival) regis-
try, with >2-fold variation between states (range,
41.8-126.1). Survival after emergency medical
services—treated OHCA was 10.6% in the 2019
CARES registry, with variation between states
reporting data.

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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Subclinical Atherosclerosis (Chapter 19)
e Among 1585 participants free of CHD and free of

MetS, those who were obese had a higher preva-
lence of coronary artery calcification than individu-
als with a normal weight, with a prevalence ratio
of 1.59.

Heart Disease and Stroke Statistics—2021 Update: Summary

decrease over the time period) between 2011 to
2017.

Among 366 103 Medicare fee-for-service benefi-
ciaries eligible for cardiac rehabilitation in 2016,
only 24.4% participated in cardiac rehabilitation;
among those who participated, the mean number
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of days to initiation was 47.0, and 26.9% com-
pleted cardiac rehabilitation with =36 sessions.
Participation decreased with increasing age and was
lower in females, Hispanic individuals, Asian indi-
viduals, those eligible for dual Medicare/Medicaid
coverage, and those with =5 comorbidities.

¢ A single-nucleotide-polymorphism genetic risk
score for type 2 diabetes composed of 48 variants
was associated with carotid plaque and atheroscle-
rotic CVD events in 160000 individuals, suggest-
ing a causal role between genetic predisposition to
type 2 diabetes and atherosclerotic CVD.

¢ In overweight and obese children 6 to 13 years of
age, greater nut consumption was associated with
lower carotid intima-media thickness ($=0.135
mm) when controlled for confounders.

Cardiomyopathy and Heart Failure
(Chapter 21)

¢ The prevalence of HF continues to rise over time,
with aging of the population. An estimated 6 million
American adults 220 years of age had HF according
10 2015 to 2018 data. Prevalence is higher in women
than men >80 years of age; overall prevalence is
especially high in both Black females and Black males.

Coronary Heart Disease, Acute Coronary
Syndrome, and Angina Pectoris
(Chapter 20)

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

on trends in CHD death rates from 1999 to 2009
indicate disparities in the trends by rural-urban
status. An overall 40% decline in the rate of
CHD death was observed; however, the decline
was greater in urban areas (large metropolitan:
42% decline; from 284 to 164 per 100000 from
1999-2009; medium metropolitan: 40% decline;
from 244 to 147 per 100000) compared with
rural areas (35% decline; from 266 to 173 per
100000).

According to the Centers for Medicare & Medicaid
Services Hospital Inpatient Quality Reporting
Program data on 2363 hospitals in 2018, the aver-
age 30-day mortality after acute myocardial infarc-
tion was 13.6%, with higher mortality observed in
rural hospitals (from 13.4% to 13.8% for the most
urban to most rural hospitals).

The rapid increase in the population =65 years
of age has resulted in a slowing of HD mortality.
According to the Centers for Disease Control and
Prevention WONDER (Centers for Disease Control
and Prevention Wide-Ranging Online Data for
Epidemiological Research) data from 2011 through
2017, a deceleration in the decline in HD mortal-

¢ Data from the National Center for Health Statistics e Of incident hospitalized HF events, approximately

half are characterized by reduced ejection fraction
and the other half by preserved ejection fraction.
The prevalence of HF is highly variable across the
world, with the lowest in sub-Saharan Africa.
Prevalence of HF risk factors also varies worldwide,
with hypertension being most common in Latin
America, the Caribbean, Eastern Europe, and sub-
Saharan Africa. Ischemic HD is most prevalent in
Europe and North America. Valvular HD is more
common in East Asia and Asia-Pacific countries.

Valvular Diseases (Chapter 22)
¢ The incidence of valvular HD is 64 per 100000

person-years, with aortic stenosis (47.2%), mitral
regurgitation (24.2%), and aortic regurgita-
tion (18.0%) contributing most of the valvular
diagnoses.

In 1950, =15000 Americans died of rheumatic
fever/rheumatic HD compared with =3400 annu-
ally in the present era. Recent declines in mortal-
ity have been slowest in the South compared with
other regions.

ity was observed with a <1% annualized decrease.
The increase in the growth of the population >65
years of age, combined with the slowing of the
decrease in HD mortality, resulted in an increase
in the absolute number of HD deaths since 2011
(50880 deaths; 8.5% total increase). However,
the age-adjusted mortality for CHD continued to
decline (2.7% annualized decrease) and the abso-
lute number of CHD deaths declined (2.5% total

Venous Thromboembolism (Deep Vein
Thrombosis and Pulmonary Embolism),
Chronic Venous Insufficiency, Pulmonary
Hypertension (Chapter 23)
¢ In 2016, there were an estimated =1220000 total
venous thromboembolism cases in the United States.

e According to 2018 data, =25000 deaths (any
mention) resulted from pulmonary hypertension.

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950 February 23,2021 e261
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¢ Hospitalized patients are at particularly high risk
of venous thromboembolism; asymptomatic
deep vein thrombosis was associated with 3-fold
greater risk of death among acutely ill hospitalized
patients.

e In the ARIC study (Atherosclerosis Risk in
Communities), the presence of HF was associated
with a 3-fold greater venous thromboembolism
risk. The association was present for HF with both
preserved and reduced ejection fraction.

Peripheral Artery Disease and Aortic
Diseases (Chapter 24)

e The lifetime risk (80-year horizon) of peripheral
arterial disease was estimated at =19%, 22%, and
30% in White, Hispanic, and Black individuals,
respectively, from pooled data from 6 US commu-
nity-based cohorts.

e A large-scale genome-wide association study
in >31000 peripheral artery disease cases and
>211000 controls from the Million Veterans
Program and the UK Biobank identified 18 new
peripheral arterial disease loci. Eleven of the
loci were associated with disease in 3 vascular
beds, including LDLR, LPA, and LPL, whereas
4 of the variants were specific for peripheral
arterial disease (including variants in TCF7L2
and F5).

e Patients with microvascular disease, defined as
retinopathy, neuropathy, and nephropathy, were
at increased risk for amputation (HR, 3.7), inde-
pendently of traditional risk factors and prevalent
peripheral arterial disease, among 135674 patients
in the Veterans Aging Cohort Study (enrollment
2003-2014).

e Between 1999 and 2016, deaths resulting from
ruptured thoracic aortic aneurysm and abdominal
aortic aneurysm declined significantly from 5.5 to
1.8 million and 26.3 to 7.9 per million, respectively,
according to US National Vital Statistics data.

Quality of Care (Chapter 25)

e Among hospitals that care for Medicare fee-for-
service beneficiaries, the implementation of hos-
pital readmission reduction programs for acute
myocardial infarction was associated with a reduc-
tion in 30-day postdischarge mortality.

e For HF, the Hospital Readmissions Reduction
Program was associated with a reduction in 1-year
risk adjusted readmission rate.

e Higher quality of care for OHCA is associated
with an increase in adjusted survival to discharge
and adjusted rates of favorable neurological
outcome.
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Medical Procedures (Chapter 26)

e Data from the Society of Thoracic Surgeons
Congenital Heart Surgery Database indicate that
a total of 123777 congenital heart surgeries were
performed from January 2015 to December 2018
and that delayed sternal closure was the most
common primary procedure.

e In 2019, 3552 heart transplantations were per-
formed in the United States, the most ever.

Economic Cost of Cardiovascular Disease
(Chapter 27)

* The average annual direct and indirect cost of CVD
in the United States was an estimated $363.4 bil-
lion in 2016 to 2017.

® The estimated direct costs of CVD increased from
$103.5 billion in 1996 to 1997 to $216.0 billion in
2016 to 2017.

* By event type, hospital inpatient stays accounted
for the highest direct cost ($96.2 billion) in 2016
to 2017.

Conclusions

The AHA, through its Statistics Committee, continu-
ously monitors and evaluates sources of data on HD
and stroke in the United States to provide the most cur-
rent information available in the Statistical Update. The
2021 annual Statistical Update is the product of a full
year's worth of effort by dedicated volunteer clinicians
and scientists, committed government professionals,
and AHA staff members, without whom publication of
this valuable resource would be impossible. Their con-
tributions are gratefully acknowledged.
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1. ABOUT THESE STATISTICS

Heart Disease and Stroke Statistics—2021 Update: Chapter 1

Abbreviations Used in Chapter 1 Continued

HDL-C high-density lipoprotein cholesterol
Click here to return to the Table of Contents HE heart failure
ICD International Classification of Diseases
The AHA WOFkS Wlth.the NHLBI to derive th_e _annual sta- ICD-9 International Classification of Diseases, 9th Revision
’[IST.ICS in this Heart,Dlsease and St,rOke Statistics Update' ICD-10 International Classification of Diseases, 10th Revision
This chapter describes the most important sources and . — : —
the t f dat df th F detail ICD-10-CM International Classification of Diseases, 10th Revision,
;]e ypes o fa s_use rom erzn. cl)r more details, see Clinical Modification
c apter 29 of this document, the G 0s5ary. . LDL-C low-density lipoprotein cholesterol
The surveys and data sources used are the following: ope el Exoendtore Panel <
P . : t
e ACC NCDR’s Chest Pain—MI Registry (formerly the ecica Expendiiure fane! survey
ACTION Registry)—quality information for AMI M myocardial infarction
e ARIC—CHD and HF incidence rates NAMCS National Ambulatory Medical Care Survey
* BRFSS—ongoing telephone health survey system NCDR National Cardiovascular Data Registry
Abbreviations Used in Chapter 1 NCHS National Center for Health Statistics
NHAMCS National Hospital Ambulatory Medical Care Survey
ACC American College of Cardiology
NHANES National Health and Nutrition Examination Survey
ACTION Acute Coronary Treatment and Intervention Outcomes
Network NHIS National Health Interview Survey
AHA American Heart Association NHLBI National Heart, Lung, and Blood Institute
AMI acute myocardial infarction NINDS National Institute of Neurological Disorders and Stroke
AP angina pectoris NVSS National Vital Statistics System
ARIC Atherosclerosis Risk in Communities study NYTS National Youth Tobacco Survey
BP blood pressure TC total cholesterol
BRFSS Behavioral Risk Factor Surveillance System USRDS United States Renal Data System
CDC Centers for Disease Control and Prevention WHO World Health Organization
CDC WONDER | Centers for Disease Control and Prevention Wide- YLD years lived with disability and injury
Ranging Online Data for Epidemiological Research YLL years of life lost
CHD coronary heart disease YRBSS Youth Risk Behavior Surveillance System
CHS Cardiovascular Health Study
VD cardiovascular disease e GBD—global disease prevalence, mortality, YLL,
and YLD
ED emergency department L.
, e GCNKSS—stroke incidence rates and outcomes
FHS Framingham Heart Study L . . .
within a biracial population
GBD Global Burden of Disease Study e GWTG—quality information for resuscitation, HF,
GCNKSS Greater Cincinnati/Northern Kentucky Stroke Study and stroke
GWTG Get With The Guidelines e HCUP—hospital inpatient discharges and procedures
HALE healthy life expectancy e MEPS—data on specific health services that
HBP high blood pressure Americans use, how frequently they use them, the
f th rvi nd how th re pai
HCUP Healthcare Cost and Utilization Project cost of these services, a d how the costs are pa d

(Continued)

The 2021 American Heart Association (AHA) Statistical Update uses
updated language surrounding race and ethnicity to honor the people
belonging to each group. Instead of referring to a specific group with
only the name of their race or ethnicity, we have identified each race or
ethnic classification with terms such as “Asian people,” “Black adults,”
"Hispanic youth,” “White females,” or similar terms.

As the AHA continues its focus on health equity to address structural
racism, we are working actively to reconcile language used in previously
published data sources and studies as we compile this information in
the annual Statistical Update. We strive to use the racial and ethnic
terms from the original data sources or published studies (mostly from
the past 5 years), which may not be as inclusive as the terms now used
in 2021. As style guidelines for scientific writing evolve, they will serve
as guidance for data sources and publications and how they are cited in
future Statistical Update publications.
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¢ NAMCS—physician office visits
e NHAMCS—hospital outpatient and ED visits

¢ NHANES—disease and risk factor prevalence and
nutrition statistics

¢ NHIS—disease and risk factor prevalence

e NVSS—mortality for United States

e USRDS—kidney disease prevalence

e \WWHO—mortality rates by country

® YRBSS—health-risk behaviors in youth and young

adults

Disease Prevalence

Prevalence is an estimate of how many people have a con-
dition at a given point or period in time. The CDC/NCHS

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950



T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Virani et al

conducts health examination and health interview surveys
that provide estimates of the prevalence of diseases and
risk factors. In this Statistical Update, the health interview
part of the NHANES is used for the prevalence of CVDs.
NHANES is used more than the NHIS because in NHANES,
AP is based on the Rose Questionnaire; estimates are made
regularly for HF; hypertension is based on BP measure-
ments and interviews; and an estimate can be made for
total CVD, including M, AP, HF, stroke, and hypertension.

A major emphasis of this Statistical Update is to pres-
ent the latest estimates of the number of people in the
United States who have specific conditions to provide
a realistic estimate of burden. Most estimates based on
NHANES prevalence rates are from data collected from
2015 to 2018. These are applied to census population
estimates for 2018. Differences in population estimates
cannot be used to evaluate possible trends in preva-
lence because these estimates are based on extrapola-
tions of rates beyond the data collection period by use
of more recent census population estimates. Trends can
be evaluated only by comparing prevalence rates esti-
mated from surveys conducted in different years.

In the 2021 Statistical Update, there is an emphasis
on social determinants of health that are built across
the various chapters, and global estimates are provided
when available.

Risk Factor Prevalence

The NHANES 2013 to 2016 data are used in this
Statistical Update to present estimates of the percentage
of people with high LDL-C and diabetes. NHANES 2015
to 2018 data are used to present estimates of the per-
centage of people with overweight, obesity, and high TC
and HDL-C. BRFSS 2018 data are used for the prevalence
of sleep issues. NHIS 2018, BRFSS 2017 and 2018, and
NYTS 2018 data are used for the prevalence of cigarette
smoking. The prevalence of physical inactivity is obtained
from 2017 YRBSS and 2017 and 2018 NHIS.

Incidence and Recurrent Attacks

An incidence rate refers to the number of new cases of
a disease that develop in a population per unit of time.
The unit of time for incidence is not necessarily 1 year,
although incidence is often discussed in terms of 1 year.
For some statistics, new and recurrent attacks or cases
are combined. Our national incidence estimates for the
various types of CVD are extrapolations to the US popu-
lation from the FHS, the ARIC study, and the CHS, all
conducted by the NHLBI, as well as the GCNKSS, which
is funded by the NINDS. The rates change only when
new data are available; they are not computed annu-
ally. Do not compare the incidence or the rates with
those in past editions of the Heart Disease and Stroke
Statistics Update (also known as the Heart and Stroke

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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Statistical Update for editions before 2005). Doing so
can lead to serious misinterpretation of time trends.

Mortality

Mortality data are generally presented according to
the underlying cause of death. “Any-mention” mor-
tality means that the condition was nominally selected
as the underlying cause or was otherwise mentioned
on the death certificate. For many deaths classified as
attributable to CVD, selection of the single most likely
underlying cause can be difficult when several major
comorbidities are present, as is often the case in the
elderly population. It is useful, therefore, to know the
extent of mortality attributable to a given cause regard-
less of whether it is the underlying cause or a contrib-
uting cause (ie, the any-mention status). The number
of deaths in 2018 with any mention of specific causes
of death was tabulated by the NHLBI from the NCHS
public-use electronic files on mortality.

The first set of statistics for each disease in this
Statistical Update includes the number of deaths for
which the disease is the underlying cause. Two excep-
tions are Chapter 8 (High Blood Pressure) and Chapter
21 (Cardiomyopathy and Heart Failure). HBP, or hyper-
tension, increases the mortality risks of CVD and other
diseases, and HF should be selected as an underlying
cause only when the true underlying cause is not known.
In this Statistical Update, hypertension and HF death
rates are presented in 2 ways: (1) as nominally classified
as the underlying cause and (2) as any-mention mortality.

National and state mortality data presented accord-
ing to the underlying cause of death were obtained
from the CDC WONDER website or the CDC NVSS mor-
tality file."” Any-mention numbers of deaths were tabu-
lated from the CDC WONDER website or CDC NVSS
mortality file.?

Population Estimates

In this publication, we have used national population
estimates from the US Census Bureau for 20182 in the
computation of morbidity data. CDC/NCHS population
estimates* for 2018 were used in the computation of
death rate data. The Census Bureau website contains
these data, as well as information on the file layout.

Hospital Discharges and Ambulatory
Care Visits

Estimates of the numbers of hospital discharges and
numbers of procedures performed are for inpatients
discharged from short-stay hospitals. Discharges
include those discharged alive, dead, or with unknown
status. Unless otherwise specified, discharges are listed
according to the principal (first-listed) diagnosis, and
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procedures are listed according to all-listed procedures
(principal and secondary). These estimates are from the
2016 HCUP.> Ambulatory care visit data include patient
visits to primary providers’ offices and hospital outpa-
tient departments and EDs. Ambulatory care visit data
reflect the primary (first-listed) diagnosis. These esti-
mates are from the 2016 NAMCS® and 2016 NHAMCS
of the CDC/NCHS. Data for community health centers
are included in 2016 NAMCS estimates. Readers com-
paring data across years should note that beginning
October 1, 2015, a transition was made from /CD-9 to
ICD-10. This should be kept in mind because coding
changes could affect some statistics, especially when
comparisons are made across these years.

International Classification of Diseases

Morbidity (illness) and mortality (death) data in the
United States have a standard classification system:
the ICD. Approximately every 10 to 20 years, the /ICD
codes are revised to reflect changes over time in medi-
cal technology, diagnosis, or terminology. If necessary
for comparability of mortality trends across the 9th and
10th /CD revisions, comparability ratios computed by
the CDC/NCHS are applied as noted.® Effective with
mortality data for 1999, ICD-10 is used.® Beginning in
2016, ICD-10-CM is used for hospital inpatient stays
and ambulatory care visit data.®

Age Adjustment

Prevalence and mortality estimates for the United States
or individual states comparing demographic groups
or estimates over time are either age specific or age
adjusted to the year 2000 standard population by the
direct method." International mortality data are age
adjusted to the European standard population. Unless
otherwise stated, all death rates in this publication are
age adjusted and are deaths per 100000 population.

Data Years for National Estimates

In this Statistical Update, we estimate the annual number
of new (incidence) and recurrent cases of a disease in the
United States by extrapolating to the US population in
2014 from rates reported in a community- or hospital-
based study or multiple studies. Age-adjusted incidence
rates by sex and race are also given in this report as
observed in the study or studies. For US mortality, most
numbers and rates are for 2018. For disease and risk fac-
tor prevalence, most rates in this report are calculated
from the 2015 to 2018 NHANES. Because NHANES is
conducted only in the noninstitutionalized population,
we extrapolated the rates to the total US resident pop-
ulation on July 1, 2018, recognizing that this probably
underestimates the total prevalence given the relatively
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high prevalence in the institutionalized population. The
numbers and rates of hospital inpatient discharges for the
United States are for 2016. Numbers of visits to primary
providers’ offices and hospital EDs are for 2016, whereas
hospital outpatient department visits are for 2011. Except
as noted, economic cost estimates are for 2016 to 2017.

Cardiovascular Disease

For data on hospitalizations, primary provider office vis-
its, and mortality, total CVD is defined according to ICD
codes given in Chapter 14 of the present document.
This definition includes all diseases of the circulatory
system. Unless otherwise specified, estimates for total
CVD do not include congenital CVD. Prevalence of total
CVD includes people with hypertension, CHD, stroke,
and HF.

Race/Ethnicity

Data published by governmental agencies for some
racial groups are considered unreliable because of the
small sample size in the studies. Because we try to
provide data for as many racial and ethnic groups as
possible, we show these data for informational and
comparative purposes.

Global Burden of Disease

The GBD study is an ongoing global effort to measure
death and disability attributable to diseases, injuries,
and risk factors for all countries from 1990 to the pres-
ent day. The study seeks to produce consistent and
comparable estimates of population health over time
and across locations, including summary metrics such
as disability-adjusted life years and HALE. Results are
made available to policy makers, researchers, gov-
ernments, and the public with the overarching goals
of improving population health and reducing health
disparities.

GBD 2019, the study’s most recent iteration, was
produced by the collective efforts of >5000 research-
ers in >150 countries. Estimates were produced for 369
diseases and injuries and 87 risk factors. Detailed meth-
ods and results can be found via the study’s online data
visualization tools and across a range of peer-reviewed
scientific research articles that can be found cited in this
publication.

During each annual cycle of the GBD study, popula-
tion health estimates are reproduced for the full-time
series. For GBD 2019, estimates were produced for 1990
to 2019 for 204 countries and territories, stratified by
age and sex, with subnational estimates made available
for an increasing number of countries. Improvements
in statistical and geospatial modeling methods and the
addition of new data sources may lead to changes in
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results across GBD study cycles for both the most recent
and earlier years.

For more information about the GBD and to access
GBD 2019 resources, data visualizations, and most
recent publications, please visit the study’s website.'>-'4

Contacts

If you have questions about statistics or any points
made in this Statistical Update, please contact the AHA
National Center, Office of Science, Medicine and Health.
Direct all media inquiries to News Media Relations at
http://newsroom.heart.org/connect or 214-706-1173.
The AHA works diligently to ensure that this
Statistical Update is error free. If we discover errors after
publication, we will provide corrections at http://Awvww.
heart.org/statistics and in the journal Circulation.
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2. CARDIOVASCULAR HEALTH

Heart Disease and Stroke Statistics—2021 Update: Chapter 2

Abbreviations Used in Chapter 2 Continued

See Tables 2-1 through 2-10 and Charts 2-1 HBP high blood pressure
through 2-5 HD heart disease
HF heart failure
Click here to return to the Table of Contents HIV human immunodeficiency virus
. HR hazard ratio
In 2010, the AHA released an Impact Goal that included :
. . . . . L ICH intracerebral hemorrhage
2 objectives that would guide organizational priorities : : :
over the next decade: “By 2020, to improve the cardio- IHD ischemic heart disease
vascular health of all Americans by 20%, while reduc- IMT intima-media thickness
ing deaths from CVDs and stroke by 20%."" LDL low-density lipoprotein
The concept of CVH was introduced in this goal and MA Mexican American
_characterized by 7 compone_nts (Life_’s Simple 7)? ’Fhat M myocardial infarction
include health behaviors (diet quality, PA, smoking) NA ot avallable
and health factors (blood cholesterol, BMI, BP, blood " T
glucose). For an individual to have ideal CVH overall, P
NHANES National Health and Nutrition Examination Survey

they must have an absence of clinically manifest CVD

and the simultaneous presence of optimal levels of all NHB non-Hispanic Black
NHW non-Hispanic White
Abbreviations Used in Chapter 2 PA physical activity
AF atrial fibrillation PAF population attributable fraction
AHA American Heart Association PE pulmonary embolism
AIDS autoimmune deficiency syndrome REGARDS Reasons for Geographic and Racial Differences in Stroke
BMI body mass index RR relative risk
BP blood pressure SBP systolic blood pressure
CAC coronary artery calcification SFat saturated fat
Cl confidence interval SSB sugar-sweetened beverage
CKD chronic kidney disease svg Servings
CVvD cardiovascular disease TC total cholesterol
CVH cardiovascular health ul uncertainty interval
DALY disability-adjusted life-year VTE venous thromboembolism
DASH Dietary Approaches to Stop Hypertension YLD years lived with disability and injury
DBP diastolic blood pressure YLL years of life lost
ESRD end-stage renal disease
Fav fruits and vegetables 7 CVH components, including abstinence from smok-
PG fasting plasma glucose ing, a healthy diet pattern, sufficient PA, normal body
GED Global Burden of Disease Study weight, and normal levels of TC, BP, and FPG (in the
HoA,_ hemoglobin A._(glycosylated hemoglobin) absence of medication treatment; Table 2-1). Because

(Continued)

The 2021 American Heart Association (AHA) Statistical Update uses
updated language surrounding race and ethnicity to honor the people
belonging to each group. Instead of referring to a specific group with
only the name of their race or ethnicity, we have identified each race or
ethnic classification with terms such as “Asian people,” “Black adults,”
"Hispanic youth,” “White females,” or similar terms.

As the AHA continues its focus on health equity to address structural
racism, we are working actively to reconcile language used in previously
published data sources and studies as we compile this information in
the annual Statistical Update. We strive to use the racial and ethnic
terms from the original data sources or published studies (mostly from
the past 5 years), which may not be as inclusive as the terms now used
in 2021. As style guidelines for scientific writing evolve, they will serve
as guidance for data sources and publications and how they are cited in
future Statistical Update publications.

@270 February 23, 2021

ideal CVH is rare, the distribution of the 7 CVH com-
ponents is also described with the use of the catego-
ries poor, intermediate, and ideal.! Table 2-1 provides
the specific definitions for these categories for each
CVH component in both adults and youth.

From 2011 to 2020, this chapter in the annual
Statistical Update has published national prevalence
estimates for CVH to inform progress toward improve-
ments in the prevalence of CVH. This year, updates to
this chapter include prevalence estimates for compo-
nents of CVH for which newly released NHANES data
from 2017 to 2018 were available. New additions
this year also include 10-year differences in the lead-
ing causes and risk factors for YLDs and YLLs, which

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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highlight the influence of the components of CVH on
premature death and disability in populations.

Relevance of Ideal CVH

Multiple independent investigations (summaries of
which are provided in this chapter) have confirmed
the importance of having ideal levels of these com-
ponents, along with the overall concept of CVH.
Findings include strong inverse, stepwise associa-
tions in the United States of the number of CVH
components at ideal levels with all-cause mortality,
CVD mortality, IHD mortality, CVD, and HF; with
subclinical measures of atherosclerosis such as
carotid IMT, arterial stiffness, and CAC prevalence
and progression; with physical functional impair-
ment and frailty; with cognitive decline and depres-
sion; and with longevity.5'2 Similar relationships
have also been seen in non-US populations.57.13-23
A large Hispanic/Latino cohort study in the United
States confirmed the associations between CVD and
status of CVH components in this population and
found that the levels of CVH components compared
favorably with existing national estimates; however,
some of the associations varied by sex and heritage.”
A study of Black people found that risk of incident
HF was 61% lower among those with >4 ideal
CVH components than among those with O to 2
ideal components.®

Ideal health behaviors and ideal health factors
are each independently associated with lower
CVD risk in a stepwise fashion; across any level
of health behaviors, health factors are associated
with incident CVD, and conversely, across any level
of health factors, health behaviors are associated
with incident CVD.?

Analyses from the US Burden of Disease
Collaborators demonstrated that poor levels of
each of the 7 CVH components resulted in sub-
stantial mortality and morbidity in the United
States in 2010. The leading risk factor related to
overall disease burden was suboptimal diet, fol-
lowed by tobacco smoking, high BMI, raised BP,
high FPG, and physical inactivity.?

A meta-analysis of 9 prospective cohort studies
involving 12 878 participants reported that having
the highest number of ideal CVH components was
associated with a lower risk of all-cause mortal-
ity (RR, 0.55 [95% Cl, 0.37-0.80]), cardiovascular
mortality (RR, 0.25[95% Cl, 0.10-0.63]), CVD (RR,
0.20 [95% Cl, 0.11-0.37]), and stroke (RR, 0.31
[95% ClI, 0.25-0.38]) compared with individuals
with the lowest number of ideal components.?®
The adjusted PAFs for CVD mortality for individ-
ual components of CVH have been reported as
follows?”:

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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— 40.6% (95% Cl, 24.5%-54.6%) for HBP

— 13.7% (95% Cl, 4.8%-22.3%) for smoking

— 13.2% (95% Cl, 3.5%—-29.2%) for poor diet

— 11.9% (95% Cl, 1.3%—-22.3%) for insuffi-
cient PA

— 8.8% (95% Cl, 2.1%-15.4%) for abnormal
glucose levels

e Several studies have been published in which

investigators have assigned individuals a CVH
score ranging from 0 to 14 on the basis of the
sum of points assigned to each component of CVH
(poor=0, intermediate=1, ideal=2 points). With this
approach, data from the REGARDS cohort were
used to demonstrate an inverse stepwise asso-
ciation between a higher CVH score component
and lower incidence of stroke. On the basis of this
score, every unit increase in CVH was associated
with an 8% lower risk of incident stroke (HR, 0.92
[95% Cl, 0.88-0.95]), with a similar effect size for
White (HR, 0.91 [95% Cl, 0.86-0.96]) and Black
(HR, 0.93 [95% Cl, 0.87-0.98]) participants.2®
The Cardiovascular Lifetime Risk Pooling Project
showed that adults with all optimal risk factor
levels (similar to having ideal CVH factor levels of
cholesterol, blood sugar, and BP, as well as not
smoking) have substantially longer overall and
CVD-free survival than those who have poor levels
of 21 of these CVH factors. For example, at an
index age of 45 years, males with optimal risk fac-
tor profiles lived on average 14 years longer free
of all CVD events and 12 years longer overall than
people with >2 risk factors.?

Better CVH as defined by the AHA is associated
with lower incidence of HF,68211.19 |ess subclinical
vascular disease,'>17203031 petter global cognitive
performance and cognitive function,'3233 lower
hazard of subsequent dementia,®* lower preva-
lence'™ and incidence® of depressive symptoms,
lower loss of physical functional status,® lon-
ger leukocyte telomere length,?” less ESRD,*® less
pneumonia, less chronic obstructive pulmonary
disease,* less VTE/PE,* lower prevalence of aortic
sclerosis and stenosis,*! lower risk of calcific aortic
valve stenosis,*? better prognosis after MI,*> lower
risk of AF* and lower odds of having elevated
resting heart rate.*> In addition, a study among a
sample of Hispanic/Latino people residing in the
United States reported that greater positive psy-
chological functioning (dispositional optimism)
was associated with higher CVH scores as defined
by the AHA.* A study in college students found
that both handgrip strength and muscle mass are
positively associated with greater numbers of ideal
CVH components,*” and a cross-sectional study
found that greater cardiopulmonary fitness, upper-
body flexibility, and lower-body muscular strength
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are associated with better CVH components in
perimenopausal females.*® Furthermore, studies
demonstrate that higher quality of life scores are
associated with better CVH metrics,* providing
additional evidence to support the benefits of ideal
CVH on general health and quality of life.
According to NHANES 1999 to 2006 data, several
social risk factors (low family income, low education
level, minority race, and single-living status) were
related to lower likelihood of attaining better CVH
as measured by Life's Simple 7 scores.*® In addition,
neighborhood factors and contextual relationships
have been found to be related to health disparities in
CVH, but more research is needed to better under-
stand these complex relationships.>" Having more
ideal CVH components in middle age is also associ-
ated with lower non-CVD and CVD health care costs
in later life.> An investigation of 4906 participants
in the Cooper Center Longitudinal Study reported
that participants with =5 ideal CVH components
exhibited 24.9% (95% Cl, 11.7%-36.0%) lower
median annual non-CVD costs and 74.5% (95% Cl,
57.5%—-84.7%) lower median CVD costs than those
with <2 ideal CVH components.>?

A report from a large, ethnically diverse insured
population found that people with 6 or 7 and
those with 3 to 5 of the CVH components in
the ideal category had a $2021 and $940 lower
annual mean health care expenditure, respectively,
than those with 0 to 2 ideal health components.>?

Heart Disease and Stroke Statistics—2021 Update: Chapter 2

meets at least 4 of the 5 dietary components) to
>86% for smoking, BP, and diabetes components
(unpublished AHA tabulation).
Among US adults (Chart 2-1), the lowest prevalence
of ideal levels for CVH components is <1% for the
Healthy Diet Score in adults =20 years of age. The
highest prevalence of ideal levels for a CVH compo-
nent is for smoking (79.8% of adults report never
having smoked or being a former smoker who has
quit for >12 months). In 2017 to 2018, 52.4% of
adults had ideal levels of TC (<200 mg/dL).
Age-standardized and age-specific prevalence esti-
mates for ideal CVH and for ideal levels of individ-
ual CVH components for 2015 to 2016 and 2017
to 2018 are displayed in Table 2-2.
In 2015 to 2018, all individual components of CVH
among adults were highest in the youngest age
groups (20-39 years of age) and were lowest in
the oldest age group (=60 years of age), except the
Healthy Diet Score, for which prevalence of ideal
levels was highest in older adults but still <1%
according to the 2015 to 2016 NHANES data.
Chart 2-2 displays the unadjusted prevalence esti-
mates of ideal levels of CVH components for the
population of US children (12-19 years of age) by
race/ethnicity.
— Majority of US children 12 to 19 years of age
met ideal criteria for smoking (93.4%-97.4%),
BP (80.1%-89.6%), and TC (73.4%-80.0%) in
2017 to 2018 across race/ethnicity subgroups.
— Majority of US children 12 to 19 years of
age met ideal criteria for diabetes (73.6%-—

CVH: Prevalence (NHANES 2015-2016 and 88.0%) in 2015 to 2016 across race/ethnicity
2017-2018) groups.

(See Table 2-2 and Charts 2-1 through 2-3) - ?f ;Jg‘ ;L}”dreq '1o|2 tT 1s?ty¢ar? OfBa,\%ﬁ'. 42‘510/;
0 76.2% met ideal criteria for in
¢ The national prevalence estimates for children (12-19
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years of age) and adults (=20 years of age) who meet
ideal, intermediate, and poor levels of each of the 7
CVH components are displayed in Chart 2-1.5* The
most current estimates at time of publication were
based on data from NHANES 2017 to 2018 for smok-
ing, BMI, PA (for adults), TC, and BP and data from
NHANES 2015 to 2016 for PA (for children), diet,
and diabetes status. NHANES 2017 to 2018 survey
changed the PA assessments for children, so the PA
status for children was updated through 2016 only.
For most components of CVH, prevalence of ideal
levels is higher in US children (12-19 years of age)
than in US adults (=20 years of age), except for the
Healthy Diet Score and PA, for which prevalence of
ideal levels in children is lower than in adults.
Among US children (12-19 years of age; Chart
2-1), the unadjusted prevalence of ideal levels of
CVH components currently varies from <1% for
the Healthy Diet Score (ie, <1 in 100 US children

February 23, 2021

to 2018, whereas only 23.8% to 27.8% of
US children met ideal criteria for PA in 2015
to 2016 across race/ethnicity categories.

— Few US children 12 to 19 years of age (<1%)
met ideal criteria for Healthy Diet Score in
2015 to 2016 across all race/ethnicity groups.

Chart 2-3 displays the unadjusted prevalence esti-

mates of ideal levels of CVH components for the

population of US adults =20 years of age by race/
ethnicity.

— Majority of US adults =20 years of age met
ideal criteria for smoking (75.9%-90.4%)
in 2017 to 2018 across race/ethnicity
subgroups.

— Fewer than a quarter to a little more than
half of US adults =20 years of age met
ideal criteria for BMI (15.2%-50.5%), TC
(49.8%-57.7%), PA (30.4%-42.7%), and
BP (31.5%-44.4%) in 2017 to 2018 across
race/ethnicity groups.

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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Of US adults 220 years of age, 42.0% to
59.7% met ideal criteria for diabetes in 2015
to 2016 across race/ethnicity categories.

Few US adults 220 years of age (0.1%-1.6%)
met ideal criteria for Healthy Diet Score in
2015 to 2016 across all race/ethnicity groups.

CVH: Trends Over Time
(See Charts 2-4 and 2-5)

e The trends in prevalence of meeting ideal criteria
for the individual components of CVH from 1999
to 2000 to 2017 to 2018 (for diet, trends from
2003-2004 through 2015-2016) are shown in
Chart 2-4 for children (12-19 years of age) and in
Chart 2-5 for adults (=20 years of age).

Among children 12 to 19 years of age from
1999 t0 2000 to 2017 to 2018, the prevalence
of meeting ideal criteria for smoking and BP
has consistently improved, increasing from
76.4% to 95.7% for nonsmoking and from
83.6% to 89.1% for ideal BP. For ideal TC, the
prevalence increased from 72.0% to 77.2%.
However, a decline in prevalence of ideal levels
was observed for BMI, from 69.8% in 1999 to
2000 to 60.1% in 2015 to 2016, although it
rebounded slightly to 63.3% in 2017 to 2018.
From 1999 to 2000 to 2015 to 2016,
declines in prevalence of ideal levels were
observed for PA (38.4% to 25.4%) and dia-
betes (92.4% to 86.2%) among children.
Among adults, from 1999 to 2000 to 2017
to 2018, the prevalence of meeting ideal
criteria for smoking, TC, and BP increased.
For example, the prevalence of being a never
smoker or having quit =1 year prior increased
from 72.9% to 79.8%. Over the 18-year
period, the prevalence of meeting criteria for
ideal TC increased from 45.1% to 52.4%.
However, declines in prevalence of ideal lev-
els were observed for PA (from 40.2% to
38.3%) and BMI (from 36.3% to 26.4%)
among adults during this period.

Similar to trends observed in children, a decline
in prevalence of ideal levels was observed for
diabetes among adults, from 69.1% in 1999
t0 2000 to 58.4% in 2015 to 2016.

Trends in Risk Factors and Causes for YLL
and YLD in the United States: 1990 to 2019
(See Tables 2-3 through 2-6)

¢ The leading risk factors for YLLs from 1990 to 2019
in the United States are presented in Table 2-3.

Smoking and high SBP remained the first and
second leading YLL risk factors in both 1990

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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and 2019. Age-standardized rates of YLL
attributable to smoking declined by 46.4%,
whereas age-standardized rates attributable
to high SBP declined 45.8%.

From 1990 to 2019, YLLs caused by drug use
rose from 18th to 5th leading YLL risk factor
with a 242.3% increase in the age-standard-
ized YLL rate.

¢ The leading causes of YLLs from 1990 to 2019 in
the United States are presented in Table 2-4.

IHD and tracheal, bronchus, and lung cancer
were the first and second leading YLL causes
in both 1990 and 2019. Age-standardized
YLL rates attributable to IHD declined 50.9%,
whereas age-standardized YLL rates result-
ing from tracheal, bronchus, and lung cancer
declined 36.1%.

From 1990 to 2019, opioid use disorders
rose from 46th to 4th leading YLL cause with
a 799.2% increase in the age-standardized
YLL rate. Type 2 diabetes also rose from 12th
to 6th leading YLL cause, whereas Alzheimer
disease and other dementias also rose from
15th to 7th leading YLL cause.

The leading risk factors for YLDs from 1990
to 2019 in the United States are presented in
Table 2-5.

High BMI, high FPG, and smoking are among
the first, second, and third leading YLD risk
factors in both 1990 and 2019, with high
BMI and high FPG rising in ranking while
smoking dropped from the first to third lead-
ing YLD risk factor during this time period.
Age-standardized YLD rates attributable to
smoking declined by 25.8%, while age-stan-
dardized rates attributable to high BMI and
high FPG increased by 44.4% and 47.4%,
respectively, between 1990 and 2019.

* The leading causes of YLDs from 1990 to 2019 in
the United States are presented in Table 2-6.

Low back pain and other musculoskeletal
disorders were the first and second leading
causes of YLDs in both 1990 and 2019. The
age-standardized rates of YLD attributable
to low back pain decreased 12.5%, whereas
age-standardized YLD rates for other muscu-
loskeletal disorders increased 44.2%.

From 1990 to 2019, type 2 diabetes rose from
the ninth to third leading YLD cause with a
55.8% increase in the age-standardized YLD
rates.

Opioid use disorders rose from 16th to 4th
leading YLD cause between 1990 and 2019
with a 288.7% increase in age-standardized
rates of YLD.
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Trends in Global Risk Factors and Causes this time period, with a 50.2% increase in the
for YLL and YLD: 1990 to 2019 age-standardized global YLD rate.
(See Tables 2-7 through 2-11)
* The leading global YLL risk factors from 1990 to ~ Furthering the AHA's Impact Through
2019 are presented in Table 2-7. Continued Efforts to Improve CVH

— High SBP and smoking were the first and sec-  (See Tables 2-3 through 2-6)
ond leading YLL risk factors globally in 2019.
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¢ Renewed efforts to maintain and improve CVH will
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Age-standardized YLL rates attributable to
HBP and smoking declined 29.0% and 41.3%,
respectively, between 1990 and 2019.

— From 1990 to 2019, high FPG rose from 14th
to 5th leading risk factor of global YLLs with
a 1.5% decrease in the age-standardized YLL
rates over this period.

¢ The leading global YLL causes from 1990 to 2019

are presented in Table 2-8.

— IHD rose from the third to first leading global
YLL cause between 1990 and 2019, whereas
age-standardized YLL rates declined by
29.1% during this period. This shift resulted
in lower respiratory infections moving from
first to second leading cause, and age-stan-
dardized YLL rates declined 62.7%.

— ICH and ischemic stroke rose from 9th to 4th
and from 13th to 8th leading cause of global
YLL, respectively, between 1990 and 2019.

— Type 2 diabetes also rose from 28th to 14th
leading global YLL cause, showing a 9.1%
increase in age-standardized YLL rate.

¢ The leading global risk factors for YLDs from 1990
to 2019 are presented in Table 2-9.

— High FPG and high BMI were the first and
second leading YLD risk factors globally in
2019, replacing iron deficiency and smoking,
which ranked fourth and third, respectively,
in 2019. Age-standardized YLD rates attrib-
utable to high FPG and high BMI increased
44.1.% and 60.2%, respectively, whereas
age-standardized global YLD rates attribut-
able to smoking and iron deficiency deceased
22.9% and 16.7%, respectively.

— Ambient particulate matter pollution rose
from 17th to 8th leading global risk factor
for YLD, resulting in a 64.9% increase in the
age-standardized global YLD rates.

¢ The leading global causes of YLDs from 1990 to

2019 are presented in Table 2-10.

— Low back pain and migraine were the first
and second leading global causes of YLDs in
both 1990 and 2019. The age-standardized
rates of YLD attributable to low back pain
decreased 16.3%, whereas rates for migraine
increased 1.5% across the same time period.

— From 1990 to 2019, type 2 diabetes rose from
10th to 6th leading global cause of YLD during
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be foundational to successful reductions in mortal-
ity and disability in the United States and globally.
Individuals with more favorable levels of CVH have
significantly lower risk for several of the leading
causes of death, including IHD,?* Alzheimer disease,>
stroke,**>” CKD,*® diabetes,>*% breast cancer,5'? and
atrial fibrillation (Tables 2-3 and 2-4). In addition, 6 of
the 10 leading US risk factors for YLL and 4 of the 10
leading risk factors for YLD in 2019 were also com-
ponents of CVH (Tables 2-3 and 2-5). Taken together,
these data demonstrate the tremendous importance
of continued efforts to improve CVH.

The expanding efforts of the AHA and American
Stroke Association in areas of brain health are also
well poised to drive toward improvement in several
leading causes of death and disability that influ-
ence YLLs and YLDs, including stroke, Alzheimer
disease, depression and anxiety disorders, and
alcohol and substance use disorders.

Despite improvements observed in CVH and brain
health over the past decade, further progress is
needed to more fully realize these benefits for all
Americans. Details are described in the AHA presi-
dential advisory on brain health.%

Global Efforts to Improve CVH
(See Tables 2-7 through 2-10)

¢ Renewal of efforts to improve CVH is a continuing

challenge that requires collaboration throughout
the global community in ways that aim targeted
skills and resources at improving the top causes
and risk factors for death and disability in coun-
tries. Such efforts are required in countries at all
income levels with an emphasis on efforts to halt
the continued worsening of the components of
CVH (Tables 2-7 through 2-10).

Many challenges exist related to implementation
of prevention and treatment programs in inter-
national settings; some challenges are unique to
individual countries/cultures, whereas others are
universal. Partnerships and collaborations with
local, national, regional, and global partners are
foundational to effectively addressing relevant
national health priorities in ways that facilitate
contextualization within individual countries and
cultures.

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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Table 2-1.  Definitions of Poor, Intermediate, and Ideal for Each Component of CVH
Level of CVH for each metric ==
So
Poor Intermediate Ideal O
D
Current smoking (=7,
o=
Adults 220 y of age Yes Former 212 mo Never or quit >12 mo ﬂ r_|r|
Children 12-19 y of age* Tried during the prior 30 d Never tried; never smoked whole E ﬁ
cigarette «» E'
BMI+ 2
Adults 220 y of age >30 kg/m? 25-29.9 kg/m? <25 kg/m?

Children 2-19 y of age

>95th percentile

85th-95th percentile

<85th percentile

PA

every day

Adults =20 y of age None 1-149 min/wk moderate or 1-74 min/wk | =150 min/wk moderate or 275
vigorous or 1-149 min/wk moderate+2x | min/wk vigorous or 2150 min/wk
vigorous moderate+2x vigorous

Children 12-19 y of age None >0 and <60 min of moderate or vigorous | =60 min of moderate or vigorous

every day

Healthy diet score, No. of components$

mmHg or treated to goal

Adults 220 y of age <2 (0-39) 2-3 (40-79) 4-5 (80-100)
Children 5-19 y of age <2 (0-39) 2-3 (40-79) 4-5 (80-100)
TC, mg/dL
Adults 220 y of age >240 200-239 or treated to goal <200
Children 6-19 y of age >200 170-199 <170
BP
Adults 220 y of age SBP 2140 mmHg or DBP 290 mmHg | SBP 120-139 mmHg or DBP 80-89 <120 mmHg/<80 mmHg

Children 8-19 y of age

>95th percentile

90th-95th percentile or SBP 2120 mmHg
or DBP >80 mmHg

<90th percentile

Diabetes§

Adults 220 y of age

FPG 2126 mg/dL or HbA, 26.5%

FPG 100-125 mg/dL or HbA, 5.7%-—
6.4% or treated to goal

FPG <100 mg/dL or HbA,_<5.7%

Children 12-19 y of age

FPG 2126 mg/dL or HbA, 26.5%

FPG 100-125 mg/dL or HbA,_5.7%~
6.4% or treated to goal

FPG <100 mg/dL or HbA,, <5.7%

BMI indicates body mass index; BP, blood pressure; CVH, cardiovascular health; DBP, diastolic blood pressure; ellipses (...), data not available; FPG, fasting plasma

glucose; HbA,, glycosylated hemoglobin or hemoglobin A, ; PA, physical activity; SBP, systolic blood pressure; and TC, total cholesterol.
*Age ranges in children for each metric depend on guidelines and data availability.
tRepresents appropriate energy balance; that is, appropriate dietary quantity and PA to maintain normal body weight.
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#In the context of a healthy dietary pattern that is consistent with a DASH (Dietary Approaches to Stop Hypertension)-type eating pattern to consume >4.5 cups/d
of fruits and vegetables, >2 servings/wk of fish, and >3 servings/d of whole grains and no more than 36 oz/wk of sugar-sweetened beverages and 1500 mg/d of
sodium. The consistency of one’s diet with these dietary targets can also be described with a continuous American Heart Association diet score, scaled from 0 to 100
(see Chapter 5, Nutrition).

§FPG is solely used to determine poor, intermediate, and ideal status for American Heart Association Strategic Impact Goal monitoring purposes. For population
surveillance purposes, use of HbA, was added to define poor, intermediate, and ideal levels of this component, and the name was changed to diabetes to reflect
this addition.

Source: Modified from Lloyd-Jones et al." Copyright © 2010, American Heart Association, Inc.
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Table 2-2. Prevalence of Ideal CVH and Its Components in the US Population in Selected Age Strata: NHANES 2015 to 2016 and 2017 to 2018

(2]

E m NHANES years Age 12-19y Age 220 y* Age 20-39y Age 40-59y Age 260 y

E % Ideal CVH factors

E E TC 2017-2018 77.2(1.7) 52.4(1.5) 74.0(1.8) 44.8 (2.6) 25.5(1.5)

; a BP 2017-2018 89.1(1.3) 40.8 (1.4) 61.6(1.9) 34.0(2.4) 15.1(1.3)

g g Diabetes 2015-2016 86.2(1.4) 58.4(1.4) 79.3(1.1) 51.2(2.5) 32.4(1.6)

E Ideal health behaviors
PA 2017-2018 NA 38.3(1.7) 48.4 (2.3) 33.9(2.2) 29.3(2.6)
Smoking 2017-2018 95.7 (1.1) 79.8(1.3) 74.3(2.2) 80.1(1.7) 87.8(1.0)
BMI 2017-2018 63.4(1.8) 26.4(1.3) 33.6(2.1) 22.7 (2.0 21.9(1.1)
4 or 5 Healthy diet goals mett 2015-2016 0.0 (0.0) 0.3(0.1) 0.1(0.1) 0.1(0.1) 0.7 (0.3)
F&V >4.5 cups/d 2015-2016 3.7 (0.9) 10.2 (0.6) 7.8(0.9) 11.1(1.4) 13.8(1.1)
Fish =2 svg/wk 2015-2016 7.6(1.0) 18.0(1.7) 15.9(2.5) 19.3(2.3) 18.7 (1.6)
Sodium <1500 mg/d 2015-2016 0.6 (0.3) 0.7 (0.2) 0.8(0.3) 0.9(0.4) 0.2 (0.1)
SSB <450 kcal/wk 2015-2016 40.4 (2.6) 53.3(1.7) 47.7 (2.9) 51.6(2.3) 66.5(2.7)
Whole grains =3 one-ounce svg/d | 2015-2016 6.8 (0.8) 7.1(0.6) 59(1.2) 6.5(0.9) 9.5(1.1)

Secondary diet metrics

Nuts/legumes/seeds >4 svg/wk 2015-2016 36.7 (2.4) 52.4(1.7) 48.9 (3.0) 54.9(2.3) 54.1(1.8)
Processed meats <2 svg/wk 2015-2016 39.2(2.8) 44.0 (0.9) 45.4(1.1) 44.0(1.7) 41.9(2.6)
SFat <7% total kcal 2015-2016 4.5(1.0) 8.4 (0.5) 8.8(1.1) 8.9(0.7) 6.8(0.9)

Values are percent (standard error).

BMI indicates body mass index; BP, blood pressure; CVH, cardiovascular health; F&V, fruits and vegetables; NA, not available; NHANES, National Health and
Nutrition Examination Survey; PA, physical activity; SFat, saturated fat; SSB, sugar-sweetened beverage; svg, servings; and TC, total cholesterol.

*Standardized to the age distribution of the 2000 US standard population.

tScaled to 2000 kcal/d and in the context of appropriate energy balance and a DASH (Dietary Approaches to Stop Hypertension)-type eating pattern.

Source: Unpublished American Heart Association tabulation using NHANES 2015 to 2016 and 2017 to 2018.5
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Table 2-3. The Leading 20 Risk Factors of YLL and Death in the United States: Rank, Number, and Percentage Change, 1990 and 2019
YLL rank Corresponding total No. | Corresponding percent
(for total Total No. of YLLs, in thousands | Percent change, 1990-2019 of deaths, in thousands | change, 1990-2019
Risk number) (95% UI) (95% UI) (95% UI) (95% UI)
factors Age- Age-
for Total No. of standardized Total No. standardized
disability | 1990 | 2019 | 1990 2019 YLLs YLL rate 1990 2019 of deaths | death rate
Smoking 1 1 11005.06 10371.03 -5.76% -46.43% 515.41 527.74 2.39% -42.21%
(10692.42 to (10,017.19 to (-8.46% to (-47.91% to (496.77 to (505.55 to (-1.3% to (-44.18% to
11351.22) 10728.28) -2.93%) -44.85%) 537.03) 550.83) 6.28%) -40.15%)
High SBP 2 2 8466.11 7815.63 -7.68% —45.76% 503.63 495.20 -1.67% -45.94%
(7465.95 to (6814.38 to (-13.09% to (-48.82% to (425.60 to (407.47 to (-9.73% to (-49.57% to
9424.27) 8821.87) —2.58%) -42.81%) 573.56) 574.65) 6.05%) -42.07%)
High BMI 4 3 4994.23 (3131.76 | 7778.57 (5416.09 | 55.75% -9.18% 232.16 393.86 69.65% -5.82%
to 6877.86) to 9912.24) (41.31% to (-17.75% to (138.00 to (257.61 to (52.54% to (-15.3% to
80.47%) 5.86%) 334.08) 528.44) 98.96%) 10%)
High FPG 5 4 4664.81 (3563.73 | 7121.62 (5548.50 | 52.67% -12.25% 263.41 439.38 66.81% -8.01%
to 6006.04) to 9006.14) (37.87% t0 68%) | (-20.59% to (193.27 to (320.11 to (48.24% to (-17.9% to
-3.79%) 355.67) 582.66) 85.48%) 2.09%)
Drug use 18 5 999.47 4265.41 (4080.78 | 326.77% 242.34% 24.76 104.74 323.09% 214.02%
(899.54 to to 4494.41) (277.64% to (202.34% to (22.26 to (100.39 to (280.5% to (181.7% to
1135.28) 372.57%) 280.43%) 27.73) 109.98) 364.71%) 245.57%)
Alcohol use | 6 6 2708.90 (2327.61 | 3936.71 (3457.94 | 45.33% -5.97% 76.48 136.66 78.69% 6.66% (-6.18%
to 3129.89) to 4524.58) (30.7% to (-14.74% to (61.08 to (115.68 to (54.74% to t022.33%)
60.18%) 2.75%) 93.37) 162.66) 108.25%)
High LDL 3 7 6291.91(5210.65 | 3863.72 (3077.21 | -38.59% —63.6% 353.09 226.34 -35.9% -64.86%
cholesterol to 7354.85) to 4730.88) (-43.38% to (-66.17% to (267.44 to (158.85 to (-43.1% to (-68.02% to
-34.18%) —-61.13%) 443.65) 304.37) -29.38%) —61.77%)
Kidney 7 8 2138.32 (1781.84 | 3159.52 (2795.42 | 47.76% (37.73% | -13.36% 138.81 214.74 54.71% -15%
dysfunction to 2527.38) to 3536.01) to 60.92%) (-19.3% to (111.85 to (182.32 to (43.24% to (-20.89% to
—5.75%) 167.70) 248.84) 69.01%) -6.95%)
Diet low 9 9 1897.21 1778.79 —-6.24% -44.83% 103.24 (46.57 | 102.25 (48.18 | -0.96% -45.32%
in whole (868.61 to (855.23 to (-10% to 0.74%) | (-47.05% to to 133.79) t0 131.55) (-5.31% to (-47.42% to
grains 2445.35) 2258.78) -40.69%) 6.17%) -41.37%)
Low 13 10 1320.06 (1079.50 | 1734.12 (1488.09 | 31.37% -28.03% 92.53 123.09 33.02% -28.1%
temperature to 1579.76) to 1989.52) (21.84% to (-33.6% to (76.50 to (104.13 to (24.01% to (33.15% to
42.8%) -21.47%) 108.86) 141.28) 42.4%) 22.91%)
Dietlow in | 12 11 1471.67 1299.03 -11.73% -48.26% 80.91 76.84 -5.03% -48.05%
legumes (348.59 to (337.88 to (=15.97% to (-50.62% to (20.30 to (19.83 to (=10.1% to (-50.45% to
2464.41) 2145.69) 2.02%) -39.91%) 134.49) 126.33) 8.8%) -41.09%)
Diet highin | 16 12 1258.35 1268.70 0.82% (-7.68% | —40.06% 59.84 65.65 9.71% -38.55%
red meat (677.77 to (754.94 to t0 16.14%) (-45.03% to (3113 to (37.01 to (-0.52% to (-44.31% to
1830.45) 1787.30) -30.7%) 88.85) 94.39) 29.65%) -27.11%)
Diet highin | 14 13 1311.91 1097.24 -16.36% -50.97% 71.37 64.39 -9.78% -50.56%
trans fatty (77.03 to (55.44 to (=24.34% to (-55.84% to (4.33to (3.44 to (-18.55% to (=55.32% to
acids 1776.96) 1490.02) -12.35%) -48.6%) 97.34) 88.07) -4.86%) -48.06%)
Diet highin | 19 14 850.40 969.35 13.99% (-0.22% | -32.69% 42.16 50.90 20.71% -32.15%
processed (283.64 to (405.97 to 10 53.8%) (-41.36% to (13.90 to (20.97 to (5.93% to (-40.76% to
meat 1366.73) 1459.61) -9.36%) 69.60) 78.62) 59.18%) -9.05%)
Ambient 8 15 2001.60 931.95 -53.44% -71.21% 95.26 47.79 -49.84% -71.29%
particulate (842.72 to (526.95 to (-76.57% to (-84.9% to (37.62 to (26.06 to (-75.93% to | (-85.9% to
matter 3490.50) 1361.42) 3.52%) -39.42%) 171.26) 71.53) 18.1%) -33.4%)
pollution
Diet highin | 24 16 574.46 914.24 59.15% -4.75% 31.62 48.50 53.38% -13.04%
sodium (36.43 to (61.08 to (25.57% to (-25.72% to (2.16 to (3.26 to (23.18% to (-30.53% to
1999.45) 2622.57) 270.02%) 132.21%) 113.50) 151.35) 208.55%) 82.94%)
Low birth 10 17 1512.98 853.24 -43.61% -38.47% 17.04 9.61(8.77t0 | -43.62% -38.49%
weight (1436.65 to (778.57 to (-49.31% to (-44.69% to (16.18 to 10.54) (-49.32% to | (-44.71% to
1601.27) 935.91) -37.44%) -31.75%) 18.03) -37.46%) -31.77%)
Short 1 18 1492.43 830.26 —-44.37% -39.3% 16.81 9.35 —44.38% -39.32%
gestation (1415.76 to (756.11 to (-49.91% to (-45.36% to (15.94 to (8.51 to (-49.92% to | (-45.37% to
1577.76) 909.70) -38.33%) -32.72%) 17.77) 10.24) -38.35%) -32.74%)
Secondhand | 17 19 1072.52 765.32 -28.64% -58.57% 44.43 35.58 -19.92% -55.34%
smoke (858.49 to (597.81 to (-35.48% to (-62.38% to (35.48 to (27.27 to (-28.44% to | (-59.81% to
1288.00) 943.60) -21.24%) —54.53%) 53.61) 44.12) -10.64%) -50.32%)
Diet low in | 21 20 845.55 745.10 -11.88% -47.98% 42.79 40.17 6.13% -47.6%
fruits (505.63 to (463.85 to (-21.92% to (-53.6% to (25.00 to (24.61 to (-18.07% to | (-53.99% to
1141.76) 1006.64) 0.05%) —-41.37%) 57.89) 54.38) 9.22%) -39.31%)

BMI indicates body mass index; FPG, fasting plasma glucose; LDL, low-density lipoprotein; SBP, systolic blood pressure; Ul, uncertainty interval; and YLLs, years of

life lost to premature mortality.

Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®® Printed with permission.
Copyright © 2020, University of Washington.
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Virani et al

Table 2-4. The Leading 20 Causes of YLL and Death in the United States:

Heart Disease and Stroke Statistics—2021 Update: Chapter 2

Rank, Number, and Percent Change, 1990 and 2019

Corresponding

total No. of
YLL rank deaths, in Corresponding percent
(for total Total No. of YLLs, in Percent change, 1990- thousands change, 1990-2019
number) thousands (95% Ul) 2019 (95% UI) (95% UI) (95% UI)
Age- Age-
Total No. standardized Total No. | standardized
Diseases and injuries 1990 | 2019 | 1990 2019 of YLLs YLL rate 1990 2019 of deaths | death rate
IHD 1 1 10181.09 8651.61 -15.02% -50.89% 604.09 557.65 -7.69% —-49.86%
(9690.92 to (8081.02 to (=17.54% to | (-52.28% to (558.11 to | (496.86 (=11.14% to | (-51.39% to
10439.15) 9124.13) -11.72%) —48.96%) 627.32) to -3.43%) -47.6%)
594.41)
Tracheal, bronchus, and lung cancer | 2 2 3559.62 4124.65 15.87% -36.1% 156.26 206.20 31.96% -26.83%
(3479.49 to (3950.45 to (11.75% to (-38.35% to (151.01 to | (193.72 (26.46% to (-29.74% to
3617.41) 4261.93) 19.93%) -33.86%) 159.34) to 37.09%) —24.01%)
214.28)
Chronic obstructive pulmonary 4 3 1592.74 3100.42 94.66% 11.21% 90.48 195.83 116.42% 21.67%
disease (1505.38 to (2620.31 to (63.07% to (-6.25% to (83.71t0 |(161.22 (72.76% to (-2.03% to
1778.28) 3305.63) 109.95%) 19.76%) 103.20) to 137.51%) 33%)
212.29)
Opioid use disorders 46 4 219.00 286.80 944.2% 799.2% 4.35 47.34 987.66% 795.34%
(209.51 to (2182.91 to (875.88% to | (738.44% to (4.18 to (45.39t0 |(922.91% to | (741.01% to
229.51) 2418.61) 1027.46%) 878.48%) 4.55) 49.24) 1054.34%) 859.05%)
Colon and rectum cancer 7 5 1291.48 1640.65 27.04% -24.11% 65.58 84.03 28.12% -26.31%
(1249.20 to (1574.85 to (23.7% to (-26.08% to (61.89t0 | (77.99t0 | (24.34% to | (-28.25% to
1320.46) 1689.21) 30.48%) -21.94%) 67.69) 87.52) 31.56%) -24.39%)
Type 2 diabetes 12 6 856.92 1365.65 59.37% -7.31% 43.92 73.41 67.15% -5.46%
(809.02 to (1299.49 to (54.2% to (-10.46% to (4093to | (67.73t0 |(61.31% to (-8.66% to
882.74) 1422.98) 65.34%) ~3.84%) 45.55) 76.76) 72.93%) 2.26%)
Alzheimer disease and other 15 7 743.80 139.08 80.03% —3.65% 73.08 143.92 96.94% -1.92%
dementias (180.25 to (333.70 to (65.82% to (-10.86% to (18.40to | (37.07 to | (80.52% to (-9.65% to
2011.60) 3431.38) 99.45%) 5.5%) 194.71) 354.96) 119.01%) 7.87%)
Motor vehicle road injuries 3 8 1836.51 1231.24 -32.96% -46.42% 35.67 28.25 -20.82% -42.5%
(1812.57 to (1152.15 to (-37.75% to | (-50.42% to (35.13t0 | (26.71t0 | (-25.88% to | (-46.41% to
1864.76) 1272.09) —30.48%) —44.35%) 36.27) 29.14) -18.17%) -40.47%)
Breast cancer 9 9 1199.58 1212.43 1.07% -40.05% 48.21 55.02 14.12% -35.5%
(1165.78 to (1157.03 to (-=3% to (-42.49% to (45.76 to | (51.01to | (9.23% to (-38.05% to
1222.05) 1261.82) 4.94%) -37.71%) 49.51) 57.90) 18.83%) —-33.07%)
Lower respiratory infections 8 10 1223.88 1210.65 -1.08% -40.39% 72.72 81.92 12.66% -38.93%
(1159.84 to (1124.89 to (-4.06% to (-42.03% to (66.22to | (72.24t0 | (8.1% to (-40.75% to
1261.53) 1262.59) 1.99%) —38.65%) 76.44) 87.40) 16.85%) -36.94%)
Ischemic stroke 6 11 1324.40 1185.52 -10.49% -50.06% 103.35 108.95 5.42% -44.68%
(1218.20 to (1045.83 to (-15.56% to | (-52.58% to (92.02 to (92.44t0 | (-1.45% to (-47.72% to
1381.45) 1295.90) —3.94%) —46.54%) 109.29) 120.30) 14.3%) -40.18%)
Pancreatic cancer 17 12 587.36 1134.93 93.23% 10.36% 28.60 57.49 101.03% 14.29%
(568.59 to (1078.47 to (85.27% to (5.85% to (27.10to | (53.67 to | (92.1% to (9.49% to
599.72) 1178.70) 100.27%) 14.28%) 29.43) 60.25) 109.18%) 18.74%)
ICH 14 13 772.31 1099.70 42.39% -16.7% 38.33 59.73 55.82% -12.28%
(741.63 to (1033.09 to (35.89% to (-20.47% to (35.84t0 | (54.34t0 | (47.69% to (-16.49% to
799.80) 1188.13) 50.11%) ~12.21%) 39.86) 64.89) 66.31%) —6.65%)
Self-harm by other specified means 16 14 686.74 961.37 39.99% 12.77% 14.65 21.98 50.1% 12.88%
(629.95 to (835.09 to (28.48% to (3.34% to (13.31to | (19.00to | (40.1% to (4.55% to
767.19) 1004.91) 45.86%) 17.66%) 16.22) 23.04) 55.9%) 17.5%)
Hypertensive HD 23 15 447.65 957.73 113.95% 29.98% 23.73 52.96 123.18% 23.67%
(373.87 to (599.24 to (43.15% to (-15.61% to (20.11to | (35.45t0 | (58.64% to (-13.76% to
469.58) 1027.23) 126.64%) 38.05%) 25.47) 57.78) 136.08%) 30.56%)
Self-harm by firearm 13 16 853.20 895.00 4.9% -20.52% 19.32 23.36 20.95% -16.01%
(767.29 to (844.35 to (1.11% to (-23.51% to (17.67 to (22.13to0 | (17.12% to (-18.8% to
906.88) 1014.78) 13.45%) -13.82%) 20.57) 26.18) 28.48%) -10.1%)
Cirrhosis and other chronic liver 24 17 434.18 839.29 93.3% 19.63% 14.46 29.91 106.84% 23.07%
diseases caused by hepatitis C (390.04 to (746.47 to (82.11% to (14.07% to (12.96 to (26.55t0 | (97.17% to (18.06% to
483.14) 938.91) 103.87%) 25.01%) 16.10) 33.43) 116.53%) 28.21%)
Endocrine, metabolic, blood, and 35 18 272.90 772.39 183.04% 77.55% 8.68 34.54 297.78% 123.05%
immune disorders (226.89 to (598.36 to (139% to (62.97% to (7.45 to (24.72 to | (180.95% to | (67.99% to
362.60) 893.98) 197.28%) 84.21%) 12.18) 37.44) 332.08%) 138.77%)
Physical violence by firearm i 19 980.04 735.86 -24.92% —34.98% 16.74 13.00 -22.33% -35.1%
(963.97 to (682.89 to (-=29.57% to | (-39.02% to (16.47t0 | (12.12t0 | (-26.91% to | (-39.01% to
993.74) 761.54) —22.24%) —32.65%) 16.96) 13.43) -19.9%) —-32.96%)
Prostate cancer 18 20 581.18 712.79 22.65% -29.34% 36.24 48.32 33.36% -24.46%
(403.13 to (628.11 to (9.65% to (-36.77% to (25.66t0 | (41.35t0 |(19.07% to (-32.33% to
650.19) 1037.53) 66.94%) —4.07%) 40.65) 70.59) 78.37%) 1.1%)

HD indicates heart disease; ICH, intracerebral hemorrhage; IHD, ischemic heart disease; Ul, uncertainty interval; and YLLs, years of life lost to premature mortality.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®” Printed with permission.
Copyright © 2020, University of Washington.
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Table 2-5. The Leading 20 Risk Factors for YLDs in the United States: Rank, Number, and Percentage Change, 1990 and 2019

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

(]
YLD rank (for total ==
number) Total No. of YLDs, in thousands (95% Ul) Percent change, 1990-2019 (95% UlI) E C>'J
Risk factors for Age-standardized g ;
disability 1990 2019 1990 2019 Total No. of YLDs YLD rate =] :—>|
m
High BMI 2 1 2014.44 4757.53 136.17% 44.45% - r_|l'l
(1191.63 to 3041.53) (3035.97 t0 6728.53) (116.67% t0 171.6%) | (32.86% to 65.18%) E ﬁ
w
High FPG 3 2 1473.97 3705.54 151.4% 47.37% E
(1043.23 to 1958.70) (2636.55 t0 4926.74) (140.32% to (40.86% to 54.89%) 3
165.13%)
Smoking 1 3 2927.37 3580.31 22.3% -25.75%
(2152.15 to0 3726.22) (2711.48 to 4421.59) (15.58% to 30.13%) (-29.66% to
-21.37%)
Drug use 5 4 1031.70 3009.85 191.74% 148.76%
(712.04 to 1385.17) (2080.84 to 4025.99) (158.71% to (118.72% to
224.78%) 178.48%)
High SBP 6 5 884.49 1287.04 45.51% -13.11%
(639.70 to 1142.32) (929.96 to 1667.98) (35.52% to 55.15%) (-18.82% to -7.75%)
Alcohol use 4 6 1102.64 1259.73 14.25% -16.46%
(760.00 to 1520.68) (879.63 t0 1722.34) (4.96% to 25.06%) (-21.27% to
-11.03%)
Occupational 7 7 769.12 909.32 18.23% -14.3%
ergonomic factors (531.07 to 1052.57) (640.04 to 1206.98) (8.01% to 30.5%) (=21.29% to —6.44%)
Low bone mineral 8 8 411.39 782.17 90.13% 6.66%
density (289.23 to 569.28) (549.97 t0 1077.01) (85.32% t0 95.57%) (4.03% t0 9.54%)
Kidney dysfunction 9 9 399.32 775.02 94.08% 19.75% (14.04% to
(297.80 to 524.36) (582.79 to 1002.90) (83.38% t0 105.14%) | 25.57%)
Diet high in red meat 14 10 230.60 485.27 110.44% 25.76%
(158.70 to 317.03) (322.95 t0 687.22) (91.62% to 126.96%) | (15.64% to 34.5%)
Diet high in processed | 17 11 172.86 471.02 172.5% 58.21%
meat (104.84 to 255.78) (287.52 t0 692.65) (148.34% to (44.23% to 76.99%)
205.98%)
Short gestation 10 12 371.84 (284.50 to 468.88 26.1% 4.21%
469.16) (365.55 to 581.92) (16.16% to 36.48%) (-3.87% t0 12.88%)
Low birth weight 11 13 371.84 468.88 26.1% 4.21%
(284.50 to 469.16) (365.55 t0 581.92) (16.16% to 36.48%) (-3.87% t0 12.88%)
High LDL cholesterol 13 14 297.03 303.55 2.19% -37.09%
(185.95 to 446.89) (190.21 to 472.68) (-8.4% t0 12.75%) (-43.62% to
-30.57%)
Ambient particulate 12 15 308.85 291.90 -5.49% -44.15%
matter pollution (111.01 to 556.89) (139.49 to 500.08) (-55.19% to (=73.38% to 30.06%)
120.72%)
Bullying victimization 22 16 132.13 268.38 103.12% 81.82%
(29.00 to 322.15) (58.82 t0 613.61) (81.47% t0 133.27%) | (61.43% to 105.89%)
Occupational injuries 15 17 196.96 265.30 34.7% 0.01%
(134.56 t0 279.88) (176.61 to 390.65) (5.8% to 73.94%) (=21.72% t0 29.35%)
Childhood sexual 19 18 164.32 251.15 52.84% 22.66%
abuse (72.88 t0 313.28) (121.67 to 443.14) (27.67% to 94.68%) (3.32% to 54.56%)
Intimate partner 20 19 161.94 250.12 54.45% 23.3%
violence (26.50 to 326.56) (31.52 t0 514.75) (27.68% 10 63.76%) (-4.55% to 30.31%)
Secondhand smoke 16 20 173.12 246.72 42.51% -16.37%
(106.23 to 245.30) (146.07 to 362.41) (23% t0 59.97%) (=27.46% to —6.05%)

BMI indicates body mass index; FPG, fasting plasma glucose; LDL, low-density lipoprotein; SBP, systolic blood pressure; Ul, uncertainty interval; and YLDs, years of
life lived with disability or injury.

Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®® Printed with permission.
Copyright © 2020, University of Washington.
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Table 2-6. The Leading 20 Causes for YLDs in the United States: Rank, Number, and Percent Change, 1990 and 2019

YLD rank (for total

Total number of YLDs, in thousands (95%

number) uI) Percent change, 1990-2019 (95% UI)
Age-standardized
Diseases and injuries 1990 2019 1990 2019 Total No. of YLDs YLD rate
Low back pain 1 1 4504.86 5697.15 26.47% -12.46%
(3168.68 t0 6039.64) | (4114.14t0 7474.69) | (18.72% t0 34.96%) (=17.42% to -7.02%)
Other musculoskeletal 2 2 1731.90 3530.50 103.85% 44.17%
disorders (1200.59 to 2420.19) | (2522.22 t0 4747.29) | (83.83% t0 126.23%) | (30.42% t0 59.6%)
Type 2 diabetes 9 3 1030.39 2761.76 168.03% 55.84%
(715.25 to 1387.82) (1939.08 t0 3738.03) | (153.55% to 185.2%) | (47.58% t0 65.14%)
Opioid use disorders 16 4 554.70 2489.58 348.82% 288.67%
(366.80 to 787.88) (1684.54 t0 3394.11) | (308.52% to (253.85% to
396.89%) 332.48%)
Major depressive disorder 4 5 1341.83 2242.30 67.11% 33.07%
(930.71 to 1837.66) (1552.73 t0 3056.52) | (62.83% to 72.26%) (29.58% to0 36.62%)
Age-related and other 5 6 1340.58 2187.37 63.17% -1.4%
hearing loss (932.94 to 1865.97) (1524.78 t0 3048.08) | (58.93% to 67.46%) (-3.46% t0 0.7%)
Migraine 3 7 1671.80 2078.81 24.35% -2.61%
(241.76 t0 3778.40) (333.85 t0 4660.27) (18.96% to 37.7%) (=5.89% t0 1.17%)
Neck pain 7 8 1201.62 2043.52 70.06% 18.41%
(792.53 to 1709.09) (1392.66 to 2886.40) (55.99% to 82.82%) (9.89% to0 27.58%)
Chronic obstructive 8 9 1111.88 1921.11 72.78% -0.62%
pulmonary disease (924.35 t0 1262.67) (1606.46 t0 2147.99) | (66.73% t0 79.98%) | (-3.94% t0 3.51%)
Anxiety disorders 6 10 1331.27 1872.34 40.64% 8.41%
(932.18 to 1816.40) (1314.62 t0 2530.62) | (37% to 44.94%) (6.85% to 10.06%)
Falls 10 11 971.06 1594.64 64.22% 0.07% (-2.87% to
(690.51 to 1336.57) (1136.33102190.22) | (57.72% to 71.62%) 3.35%)
Asthma 11 12 904.55 1296.66 43.35% 11.01%
(587.17 t0 1330.72) (857.41 to 1849.88) (31.26% to 56.15%) (1.8% 10 21.71%)
Schizophrenia 13 13 767.43 993.34 29.44% -1.22%
(562.88 t0 970.69) (732.79 to 1243.07) (25.28% 1o 34.45%) (=3.13% t0 0.79%)
Osteoarthritis hand 18 14 486.85 930.08 91.04% 7.82%
(249.46 t0 1017.65) (466.70 to 1964.92) (74.27% 10 108.64%) | (-0.72% to 17.23%)
Ischemic stroke 15 15 559.93 870.59 55.48% -5.16%
(399.70 to 724.14) (628.48 to 1114.77) (47.94% 10 63.39%) (-9.35% to —-0.14%)
Alcohol use disorders 12 16 785.98 784.98 -0.13% -21.58%
(523.84 t0 1106.57) (538.64 to 1092.19) (~5.58% t0 5.53%) (-24.39% to
~18.84%)
Osteoarthritis knee 19 17 450.96 759.11 68.33% -2.68%
(227.51 t0 906.41) (380.59 to 1527.66) (62.62% to 75.07%) (-6.62% to 1.66%)
Endocrine, metabolic, blood, 14 18 629.50 726.71 15.44% -23.84%
and immune disorders (428.40 to 868.36) (500.66 to 990.69) (6.81% to0 23.95%) (=29.21% to —18.2%)
Alzheimer’s disease and other | 22 19 391.77 687.80 75.56% -3.82%
dementias (276.91 to 523.54) (497.57 to 889.29) (59.97% to 94.86%) (=12.02% 10 6.33%)
Edentulism 17 20 491.91 668.95 35.99% -17.13%
(304.02 to 742.02) (424.02 to 985.05) (29.73% t0 43.73%) (=22.52% to
-10.71%)

Ul indicates uncertainty interval; and YLDs, years of life lived with disability or injury.

Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®” Printed with permission.

Copyright © 2020, University of Washington.
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Table 2-7. The Leading 20 Global Risk Factors of YLL and Death: Rank, Number, and Percentage Change, 1990 and 2019

()
=
Corresponding total No. Corresponding percent > =
YLL rank (for Total No. of YLLs, in thousands | Percent change, 1990-2019 of deaths, in thousands change, 1990-2019 E <)
total number) | (95% UI) (95% UI) (95% UI) (95% UI) - =
Total Age- Age- (= ca
Risk factors for Number of standardized Total No. of | standardized rcrl >
disability 1990 2019 | 1990 2019 YLLs YLL rate 1990 2019 deaths death rate [ |-_||-|
—
High SBP 6 1 143603.62 214260.28 49.2% -28.96% 6787.71 10845.60 59.78% -29.81% m ﬁ
(129333.91to | (191165.39 to (38.51% to (-33.93% to (6072.71 to (9514.14 to (49.19% to (-34.25% to « E'
157734.25) 236748.61) 59.21%) —24.37%) 7495.92) 12130.85) 69.4%) ~25.76%) b7
Smoking 7 2 140203.56 168238.03 20% (10.41% | -41.31% 5868.49 7693.37 31.1% -38.67%
(132792.85t0 | (155801.16 to 10 30.71%) (-45.98% to (5578.08 to (7158.45 to (21.21% to (-43.11% to
147 036.56) 180393.21) -36.16%) 6152.89) 8200.59) 42.07%) -33.68%)
Low birth weight 2 3 269478.56 151317.48 -43.85% -43.1% 3033.43 1703.12 -43.85% -43.11%
(250822.80to | (128528.30 to (-52.35% to (-51.71% to (2823.41 to (1446.63 to (-52.35% to (-51.72% to
288996.54) 179613.60) -33.52%) -32.64%) 3253.23) 2021.58) -33.53%) -32.65%)
Short gestation 3 4 221314.76 128741.23 -41.83% -41.05% 2491.34 1449.04 -41.84% -41.06%
(206273.76 to (109481.34 to (-50.32% to (-49.66% to (2321.98 to (1232.27 to (-50.33% to (-49.67% to
238540.80) 153683.78) -30.76%) -29.84%) 2685.26) 1729.80) -30.77%) -29.85%)
High FPG 14 5 61627.96 126654.90 105.52% -1.5% (-7.92% | 2910.09 6501.40 123.41% -1.46%
(51459.07 to (104234.74 to (91.63% to t0 5.66%) (2340.62 to (5110.28 to (108.53% to (~7.48% to
74728.01) 153148.03) 119.7%) 3753.67) 8363.05) 138.04%) 5.12%)
High BMI 16 6 54375.58 119383.76 119.55% 8.27% (-6.61% | 2198.13 5019.36 128.35% 4.93%
(30163.43 to (79596.11 to (88.91% to 1031.18%) (1205.50 to (3223.36 to (101.34% to (=7.26% to
84361.01) 163875.52) 166.91%) 3432.16) 7110.74) 170.06%) 24.58%)
Ambient particulate 13 7 66492.55 104895.28 57.75% -4.23% 204717 4140.97 102.28% -0.92%
matter pollution (44569.97 to (84911.25 to (20.29% to (-24.76% to (1454.74 to (3454.41 to (60.27% to (-19.85% to
94108.79) 123445.01) 113.82%) 26.13%) 2739.85) 4800.29) 160.61%) 26.25%)
High LDL cholesterol | 12 8 66683.88 92904.81 39.32% -33.26% 3002.61 4396.98 46.44% -36.74%
(56074.15 to (75590.22 to (28.6% to (-37.98% to (2350.83 to (3301.26 to (35.21% to (-40.61% to
79392.34) 111436.78) 48.91%) -28.66%) 3761.88) 5651.79) 55.63%) -33.09%)
Household air 4 9 200169.50 83565.87 -58.25% -69.1% 4358.21 2313.99 -46.91% -69.88%
pollution from solid (154731.29to | (60754.11 to (-66.65% to (-74.78% to (3331.29 to (1631.34 to (-58.07% to (-75.85% to
fuels 248560.54) 108481.62) -48.52%) -62.42%) 5398.69) 3118.14) -34.49%) -63.27%)
Child wasting 1 10 292012.74 79187.22 -72.88% -73.89% 3430.42 993.05 -71.05% -73.05%
(241855.36t0 | (61262.34to (-78.47% to (-79.28% to (2851.24 to (786.46 to (-76.85% to (-78.35% to
351715.87) 100812.43) -66.32%) -67.54%) 4125.93) 1245.24) -64.32%) -66.7%)
Alcohol use 15 11 55971.37 75813.95 35.45% -25.69% 1639.87 2441.97 48.91% -23.77%
(49934.31 to (66966.44 to (23.85% to (-32.08% to (1442.38 to (2136.99 to (35.99% to (-30.55% to
62781.18) 85498.40) 47.91%) -18.91%) 1845.20) 2784.90) 63.1%) -16.4%)
Kidney dysfunction 19 12 37087.06 65204.46 75.81% -11.26% 1571.72 3161.55 101.15% -10.02%
(32724.00 to (57219.63 to (64.57% to (-17.07% to (1344.42 to (2723.36 to (88.45% to (-15.49% to
41606.93) 73512.12) 87.42%) -5.57%) 1805.60) 3623.81) 112.88%) —-4.64%)
Unsafe water source | 5 13 153905.20 57641.09 -62.55% -68.27% 2442.07 1230.15 -49.63% —65.76%
(115315.56 to | (41786.87 to (=71.19% to (=75.24% to (1764.95 to (817.82 to (-61.95% to (-73.6% to
190197.92) 75887.40) -49.83%) -57.55%) 3147.03) 1788.90) -29.85%) -53.37%)
Unsafe sex 25 14 18492.16 41999.23 127.12% 35.87% 429.99 984.37 128.93% 27.64%
(14813.00 to (37398.24 to (100.78% to (21.91% to (356.20 to (904.99 to (102.2% to (13.89% to
23832.65) 49078.72) 162.48%) 54.45%) 533.21) 1106.17) 164.15%) 44.6%)
Diet high in sodium 20 15 31285.63 40722.69 30.16% -36.45% 1320.34 ,885.36 42.79% -34.18%
(10435.19 to (11550.13 to (-3.03% to (-52.02% to (412.33 to (476.84 to (4.76% to (-50.81% to
63583.27) 86326.74) 47.85%) -28.15%) 2796.87) 4194.71) 61.05%) -26.58%)
Diet low in whole 22 16 26467.42 38954.84 47.18% -28.99% 1178.22 1844.84 56.58% -31.16%
grains (12815.63 to (19130.31 to (37.22% to (-33.76% to (579.63 to (921.29 to (47.07% to (-35.14% to
33041.82) 49094.51) 57.73%) -24.05%) 1474.66) 2338.61) 65.85%) -27.26%)
Unsafe sanitation 9 17 115547.43 37183.90 -67.82% -72.65% 1836.46 756.58 -58.8% -71.89%
(92118.35 to (29008.07 to (=75.33% to (-78.73% to (1390.57 to (542.45 to (-68.54% to (-78.23% to
138980.27) 48393.08) -56.89%) -63.04%) 2325.10) 1095.44) -43.12%) -62.13%)
No access to 10 18 80929.22 32224.40 -60.18% -65.26% 1200.09 627.92 —-47.68% -62.55%
handwashing facility (58183.31 to (2222824 to (-67.34% to (-71.61% to (854.11 to (427.17 to (~56.38% to (-68.93% to
102881.65) 42981.39) -51.09%) -57.2%) 1553.29) 846.29) -36.7%) -54.77%)
Secondhand smoke 18 19 44029.71 31489.25 -28.48% -54.89% 1161.96 1304.32 12.25% -42.45%
(31252.42 to (24218.79 to (-39.18% to (-60.57% to (878.27 to (1006.96 to (1.01% to (-47.47% to
57353.06) 38792.35) -15.29%) -48.97%) 1431.85) 1605.39) 25.04%) -36.76%)
Low temperature 21 20 26827.37 25954.68 -3.25% -51.56% 1276.64 1652.98 29.48% -43.63%
(20973.96 to (21667.68 to (-18.13% to (-57.31% to (1092.81 to (1413.03 to (18.11% to (-47.8% to
33715.52) 30902.49) 13.86%) -45.99%) 1461.24) 1913.43) 41.67%) -38.92%)

BMI indicates body mass index; FPG, fasting plasma glucose; LDL, low-density lipoprotein; SBP, systolic blood pressure; Ul, uncertainty interval; and YLLs, years of life lost because of
premature mortality.

Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.® Printed with permission. Copyright © 2020,
University of Washington.
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Table 2-8. The Leading 20 Global Causes of YLL and Death: Rank, Number, and Percentage Change, 1990 and 2019

(=
E (7,) Corresponding total No.
= g YLL rank (for Total No. of YLLs, in Percent change, 1990-2019 of deaths, in thousands Corresponding percent
i - total number) thousands (95% UI) (95% UI) (95% UI) change, 1990-2019 (95% Ul)
=
< (= Age- Age-
[7- 2 Total No. of standardized Total No. of standardized
EI < Diseases and injuries 1990 2019 | 1990 2019 YLLs YLL rate 1990 2019 deaths death rate
(=]
2 — IHD 3 1 118399.43 176634.92 49.19% -29.14% 5695.89 9137.79 60.43% -30.8%
E << (113795.23to| (165028.83to| (38.17% to (-34.13% to (5405.19 to (8395.68 to (50.23% to (-34.83% to
C_.I> 122787.19) 188453.38) 59.29%) —24.56%) 5895.40) 9743.55) 69.14%) -27.17%)
Lower respiratory 1 2 223807.88 96536.65 -56.87% —62.66% 3320.01 2493.20 -24.9% -48.54%
infections (198291.93to| (84197.05t0 | (-64.43% to (-69.13% to (3018.49 to (2268.18 to (-34.42% to (=53.95% to
258361.55) 112404.97) -47.7%) —-55.03%) 3715.06) 2736.18) —-15.39%) —-42.93%)
Diarrheal diseases 2 3 182456.67 69887.49 —61.7% —67.6% 2896.27 1534.44 -47.02% —64.05%
(146519.78 to | (54617.33to | (-70.34% to (=74.63% to (2222.66 to (1088.68 to (=59.64% to (=72.05% to
217965.17) 92161.23) -49.12%) -56.89%) 3644.59) 2219.10) —27.06%) -51.35%)
ICH 9 4 52648.78 65306.22 24.04% -37.37% 2099.76 2886.20 37.45% -35.61%
(48739.14to | (60073.84t0 | (10.38% to (-44.17% to (1932.53 to (2644.48 to (21.73% to (-42.76% to
57507.05) 70392.27) 35.4%) -31.5%) 2328.41) 3099.35) 50.92%) -29.23%)
Neonatal preterm birth 4 5 112709.17 58942.91 -47.7% -47.02% 1269.04 663.52 -47.71% —47.04%
(103574.46 to | (49829.35t0 | (-56.13% to (-55.56% to (1166.14 to (560.96 to (-56.14% to (=55.57% to
122915.10) 70084.83) -37.42%) -36.61%) 1383.98) 788.95) —-37.44%) -36.63%)
Chronic obstructive 1 6 48769.20 54594.90 11.95% -46.81% 2520.22 3280.64 30.17% -41.74%
pulmonary disease (40770.89to0 | (48711.47to | (-0.47% to (-52.61% to | (2118.06 to (2902.85t0 | (15.74% to (-48.03% to
52860.94) 59513.37) 35.12%) -36.11%) 2719.39) 3572.37) 55.05%) -31.07%)
Neonatal encephalopathy 6 7 71832.72 50368.25 -29.88% -28.91% 808.68 566.98 -29.89% -28.92%
caused by birth asphyxia (64553.03t0 | (42242.80t0 | (-41.7% to (-40.9% to (726.80 to (475.54 to (-41.71% to (-40.91% to
and trauma 80228.20) 59745.92) —15.68%) -14.52%) 903.20) 672.55) —15.69%) —14.54%)
Ischemic stroke 13 8 34004.54 50349.74 48.07% -33.35% 2049.67 3293.40 60.68% -33.64%
(31954.95t0 | (46232.45t0 | (32.31% to (-40% to (1900.02 to (2973.54 to (45.83% to (-39.16% to
37258.43) 54066.67) 61.3%) -27.56%) 2234.21) 3536.08) 74.65%) -28.15%)
Tracheal, bronchus, and 19 9 26859.81 45313.75 68.7% -16.34% 1065.14 2042.64 91.77% -7.77%
lung cancer (25598.42to | (41866.20t0 | (52.68% to (-24.19% to (1019.22 to (1879.24 to (74.52% to (-15.93% to
28199.92) 48831.01) 85.03%) -8.38%) 1117.18) 2193.27) 108.97%) 0.23%)
Malaria 8 10 63480.60 43824.70 —30.96% -39.03% 840.55 643.38 -23.46% -37.93%
O (34802.94to | (21055.36t0 | (-58.84% to (-63.65% to (463.32 to (301.60 to (-54.89% to (-63.46% to
% 103091.05) 77962.79) 6.4%) -6.42%) 1356.07) 1153.66) 18.46%) -4.52%)
=]
Q Drug-susceptible 5 1" 74658.58 38431.33 -48.52% —67.54% 1760.71 1061.29 -39.72% —66.82%
% tuberculosis (68441.13t0 | (33206.79to | (-55.92% to (=72.12% to (,610.86 to (924.21 to (-48.03% to (-=71.34% to
= 81346.25) 43219.46) —40.77%) —62.69%) 1908.32) 1186.12) —30.36%) —61.52%)
g Other neonatal disorders 12 12 47950.24 33099.91 -30.97% -30.12% 539.95 372.68 -30.98% -30.13%
= (40831.64to | (27646.20t0 | (-48% to (-47.35% to (459.81 to (311.26 to (-48% to (-47.36% to
S 57251.83) 40129.55) -11.34%) -10.26%) 644.56) 451.84) -11.37%) -10.29%)
I
§ HIV/AIDS resulting in other | 32 13 12728.09 32470.01 155.11% 77.01% 216.91 646.76 198.17% 94.13%
Q. diseases (9716.63 to (26796.66to | (119.22% to (51.97% to (162.89 to (551.85to (147.74% to (61.07% to
8 17727.71) 40802.58) 204.68%) 111.74%) 308.68) 780.47) 269.45%) 141.2%)
=
=]
<N Type 2 diabetes 28 14 13851.47 31149.12 124.88% 9.11% 606.41 1472.93 142.9% 10.77%
g (13104.90to | (29302.02to | (110.14% to (2.06% to (573.07 to (1371.94 to (128.32% to (4.42% to
< 14647.61) 33148.25) 141.3%) 16.65%) 637.51) 1565.86) 158.37%) 17.44%)
o
< Self-harm by other 15 15 32879.52 30986.82 -5.76% -38.8% 687.85 706.33 2.69% -38.83%
% specified means (29065.89t0 | (27870.17to | (-14.84% to (-44.56% to (607.61 to (633.90 to (-6.38% to (-43.96% to
< 35287.35) 34246.63) 4.31%) —32.43%) 736.36) 777.33) 13.66%) —32.27%)
2
% Colon and rectum cancer 34 16 12013.14 23218.75 93.28% -5.29% 518.13 1085.80 109.56% -4.37%
P (11481.93to | (21662.64t0 | (79.51% to (-11.8% to (493.68 to (1002.80 to (96.2% to (=10.03% to
B 12503.78) 24591.16) 106.26%) 0.81%) 537.88) 1149.68) 121.74%) 0.93%)
'I\d) Motor vehicle road injuries | 21 17 22260.33 21982.25 -1.25% -30.61% 399.99 448.73 12.19% -27.7%
(19219.44t0 | (19334.80to | (-14.6% to (-39.82% to (349.88 to (396.67 to (-2.49% to (-37.11% to
25401.32) 24633.49) 15.23%) -19.51%) 452.26) 500.41) 28.58%) -17.51%)
Stomach cancer 24 18 20241.69 21872.43 8.06% —45.85% 788.32 957.19 21.42% -41.98%
(19030.22to | (19972.71t0 | (-2.52% to (-51.1% to (742.79 to (870.95 to (10.17% to (-47.18% to
21513.16) 23712.52) 19.94%) —-39.99%) 834.00) 1034.65) 33.59%) —-36.33%)
Neonatal sepsis and other | 20 19 23105.79 20118.04 -12.93% -11.91% 260.15 226.52 -12.93% -11.91%
neonatal infections (18521.37to | (16896.71t0 | (-29.92% to (-29.12% to (208.54 to (190.25 to (-29.93% to (-29.12% to
26599.32) 24474.48) 11.86%) 13.14%) 299.46) 275.55) 11.86%) 13.15%)
Hypertensive HD 31 20 13303.40 19991.58 50.27% -28.13% 654.91 1156.73 76.63% -21.49%
(10669.61to | (14951.10to | (31.09% to (-38.1% to (530.57 to (859.83 to (49.7% to (-35.18% to
14984.15) 22179.67) 74.64%) -17.04%) 732.73) 1278.56) 103.4%) -10.13%)

HD indicates heart disease; ICH, intracerebral hemorrhage; IHD, ischemic heart disease; Ul, uncertainty interval; and YLLs, years of life lost to premature mortality.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®” Printed with permission. Copyright © 2020,
University of Washington.
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Table 2-9. The Leading 20 Global Risk Factors for YLDs: Rank, Number, and Percentage Change, 1990 and 2019

YLD rank (for total

(1135.71 t0 2172.24)

(3296.41 to 6215.68)

(161.84% to 225.83%)

number) Total No. of YLDs, in thousands (95% UI) Percent change, 1990-2019 (95% UI)

Risk factors for Age-standardized YLD
disability 1990 2019 1990 2019 Total No. of YLDs rate
High FPG 3 1 15581.99 45413.83 191.45% 44.07%

(11024.37 10 20775.85)| (31849.57 t0 60894.87)| (186.87% t0 196.13%) | (41.68% to 46.29%)
High BMI 4 2 12907.42 40881.60 216.73% 60.16%

(6901.43 t0 20969.73) | (24508.83 t0 60876.50) | (178.46% t0 276.78%) | (41.28% t0 90.24%)
Smoking 2 3 20484.09 31556.71 54.05% -22.88%

(15154.19t0 26 177.63)| (23686.35 t0 40009.32) | (49.57% to 59.1%) (-24.83% to -20.74%)
Iron deficiency 1 4 25379.25 28798.47 (19425.22 to | 13.47% -16.67%

(16986.41 t0 36524.20)| 41491.77) (10.15% to 16.89%) (=19.02% to —-14.23%)
High SBP 7 5 10128.23 21164.35(15195.78 to | 108.96% 0.98%

(7295.78 to 13093.83) 27235.49) (102.17% to 116.39%) (=2.31% to 4.4%)
Alcohol use 5 6 11836.52 17182.28 (12000.25 to | 45.16% -13.47%

(8147.05 to 16305.10) | 23497.81) (39.58% t0 51.25%) (=15.96% to —10.79%)
Occupational 6 7 11784.36 15310.68 29.92% -24.61%
ergonomic factors (8098.99 to 15893.42) | (10544.90 t0 20762.41)| (24.65% to 34.57%) (-26.93% to -22.45%)
Ambient particulate 17 8 3985.80 13320.10 234.19% 64.91%
matter pollution (2637.74 t0 5634.02) (9643.12 t0 17166.65) | (172.63% t0 322.4%) (34.85% to 107.76%)
Drug use 9 9 7479.41 12664.94 69.33% 14.49%

(5163.69 to 10042.08) | (8804.75t0 16725.98) | (60.93% to 78.15%) (9.59% to 19.37%)
Kidney dysfunction 14 10 5003.27 11282.48 125.5% 20.24%

(3651.06 to ,508.03) (8232.55 to 14676.40) (118.26% t0 132.74%) | (16.89% t0 23.23%)
Short gestation 12 11 5054.73 9673.88 91.38% 43.44%

(3854.95 to 6433.30) (7598.43 t0 12021.19) | (75.26% to 106.94%) (31.94% to 54.79%)
Low birth weight 13 12 5054.73 9673.88 91.38% 43.44%

(3854.95 to 6433.30) (7598.43 10 12021.19) | (75.26% to 106.94%) (31.94% to 54.79%)
Low bone mineral 16 13 4082.06 8620.52 111.18% -1.7%
density (2923.34 t0 5511.96) (6115.78 t0 11640.10) | (108.01% to 114.56%) | (-2.77% to —0.66%)
Household air pollution | 8 14 8277.99 7908.60 -4.46% -52.14%
from solid fuels (5837.95t0 11127.29) | (5254.80 to 11299.35) (=20.63% to 15.04%) | (-60.18% to —42.55%)
Unsafe water source " 15 6054.63 7455.38 23.14% (16.02% to -11.82%

(3781.50 to 8815.37) (4530.39t0 10914.15) 29.05%) (-16.58% to —8.1%)
Occupational noise 18 16 3933.44 7001.45 78% (71.39% to -1.71%

(2688.10 to 5599.97) (4760.56 to 10059.34) | 83.61%) (-4.07% t0 0.35%)
Occupational injuries 10 17 6779.60 6842.83 0.93% -39.26%

(4833.81 t0 9123.27) (4831.64 to 9300.85) (-=10.59% to 13.14%) (-46.08% to —-31.85%)
High LDL cholesterol 22 18 3035.02 5713.21 88.24% -7.77%

(1990.11 to 4342.73) (3677.82 to 8268.24) (82.75% to 94.36%) (-9.68% to —6.05%)
Secondhand smoke 24 19 2652.31(1685.26 to 5512.81(3246.56 to 107.85% 6.66%

3741.03) 8105.45) (84.4% 10 123.61%) (-4.51% to 14.89%)
Unsafe sex 32 20 1609.09 4646.23 188.75% 80.75%

(63.79% to 103.78%)

BMI indicates body mass index; FPG, fasting plasma glucose; LDL, low-density lipoprotein; SBP, systolic blood pressure; Ul, uncertainty interval; and YLDs, years of
life lived with disability or injury.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®® Printed with permission.
Copyright © 2020, University of Washington.
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Table 2-10. The Leading 20 Global Causes for YLDs: Rank, Number, and Percentage Change, 1990 and 2019

YLD rank (for total

(3854.95 to 6433.30)

(7598.43 t0 12021.19)

(75.26% to 106.94%)

number) Total No. of YLDs, in thousands (95% Ul) Percent change, 1990-2019 (95% UI)
Age-standardized YLD

Diseases and injuries | 1990 2019 1990 2019 Total No. of YLDs rate
Low back pain 1 1 43361.65 63685.12 46.87% -16.34%

(30529.53t0 57934.97) | (44999.20t0 85192.92) | (43.31% to 50.52%) (=17.12% to -=15.55%)
Migraine 2 2 26863.35 42077.67 56.64% 1.54%

(3969.24 to 61445.23) (6418.38 t0 95645.21) (52.61% to 62.08%) (-4.43% t0 3.27%)
Age-related and other 5 3 22008.10 40235.30 82.82% -1.82%
hearing loss (14914.22 10 31340.37) | (27393.19t057131.94) | (75.22% to 88.94%) (-3.65% to -0.14%)
Other musculoskeletal 7 4 16608.89 38459.70 131.56% 32.24%
disorders (11264.341023176.10) | (26253.49 t0 53553.79) | (124.6% to 139.54%) (28.82% t0 36.45%)
Major depressive 4 5 23461.28 37202.74 58.57% -2.83%
disorder (16026.05 to 32502.66) | (25650.21t051217.04) | (53.61% t0 62.96%) (-4.06% to —1.63%)
Type 2 diabetes 10 6 11626.63 35150.63 202.33% 50.23%

(7964.90 to 15799.45) (23966.551047810.13) | (197.13% t0 207.63%) | (48.08% t0 52.22%)
Anxiety disorders 6 7 18661.02 28676.05 53.67% -0.12%

(12901.15 t0 25547.29) | (19858.08 t0 39315.12) | (48.76% to 59.06%) (-0.95% to0 0.74%)
Dietary iron deficiency 3 8 25069.79 28534.68 13.82% -16.39%

(16835.78 10 36058.21) | (19127.59t041139.28) | (10.49% to 17.17%) (-18.72% to —=14%)
Neck pain 9 9 12393.48 22081.32 78.17% -0.34%

(8128.87 to 17740.32) (14508.24 10 31726.93) | (69.45% to 87.06%) (-2.47% t0 1.85%)
Falls 8 10 12639.31 21383.29 69.18% 7%

(8965.44 to 17 334.90) (15161.79 10 29501.22) | (65.42% to 73.71%) (-8.56% to —5.35%)
Chronic obstructive 13 11 10472.74 19837.47 89.42% -4.85%
pulmonary disease (8682.19t0 11830.68) | (16596.49 t0 22441.73) | (85.38% to 93.59%) (-6.64% to —2.98%)
Endocrine, metabolic, 11 12 11022.44 18000.31 63.31% -4.64%
blood, and immune (7513.64 to 15340.32) (12249.60 t0 24962.91) | (59.14% to 67.48%) (-6.09% to —3.38%)
disorders
Other gynecological 12 13 10812.95 16382.52 51.51% -9.37%
diseases (7041.93 to 15340.80) (10628.96 t0 23352.28) | (48.55% to 54.4%) (=11.11% to -7.59%)
Schizophrenia 14 14 9131.34 15107.25 65.44% -0.56%

(6692.14 t0 11637.63) (11003.87 t0 19206.79) | (62.36% to 68.86%) (=1.57% to0 0.38%)
Ischemic stroke 18 15 6499.45 13128.53 101.99% 0.07%

(4626.50 to 8367.19) (9349.92 t0 16930.38) (97.41% to 106.95%) (-1.76% to 1.95%)
Osteoarthritis knee 25 16 5184.78 11534.02 122.46% 7.8%

(2569.34 to 10565.52) (5719.12 t0 23489.98) (120.76% t0 124.08%) | (7.1% to 8.44%)
Diarrheal diseases 16 17 8035.21 11030.29 37.27% -2.63%

(5544.86 to 11122.17) (7631.54 t0 15146.75) (33.79% t0 41.16%) (=4.19% to -1.02%)
Alcohol use disorders 17 18 7875.53 10732.01 36.27% -15.49%

(5287.35t0 11122.36) (7253.40 to 15212.46) (31.35% to 41.08%) (-16.83% to —14.07%)
Asthma 15 19 8832.45 10196.26 15.44% -23.4%

(5776.18 to 13071.58) (6654.65 to 15061.36) (12.66% to 18.69%) (-26.63% to -20.2%)
Neonatal preterm birth | 26 20 5054.73 9673.88 91.38% 43.44%

(31.94% to 54.79%)

Ul indicates uncertainty interval; and YLDs, years of life lived with disability or injury.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®” Printed with permission.
Copyright © 2020, University of Washington.
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Chart 2-1. Prevalence estimates of poor, intermediate, and ideal cardiovascular health (CVH) for each component of CVH among US children 12 to
19 years of age and US adults >20 years of age, 2015 to 2016 and 2017 to 2018.

*2015 to 2016 data for both age groups for healthy diet score and diabetes and for 12 to 19 years of age for physical activity. All other data are from 2017 to
2018. Data collection methodology for physical activity was changed in 2017 to 2018 for participants <18 years of age, resulting in an inability to estimate preva-
lence of ideal physical activity levels in this age group during this cycle.

tCategories defined by either fasting plasma glucose or hemoglobin A, on the basis of data availability. Prevalence estimates for adults 220 years of age are age
adjusted.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016 and 2017 to 2018.>*
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Chart 2-2. Prevalence estimates of poor, intermediate, and ideal cardiovascular health (CVH) for each component of CVH by race/ethnicity among
US children 12 to 19 years, 2015 to 2016 and 2017 to 2018.

MA indicates Mexican American; NH, non-Hispanic; NHB, non-Hispanic Black; and NHW, non-Hispanic White.

*Data from 2015 to 2016. All other data are from 2017 to 2018.

tCategories defined by either fasting plasma glucose or hemoglobin A, on the basis of data availability. Prevalence estimates for adults 220 years of age are age
adjusted.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016 and 2017 to 2018.*
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Chart 2-3. Age-adjusted prevalence estimates of poor, intermediate, and ideal cardiovascular health (CVH) for each component of CVH by race/
ethnicity among US adults >20 years of age, 2015 to 2016 and 2017 to 2018.

MA indicates Mexican American; NH, non-Hispanic; NHB, non-Hispanic Black; and NHW, non-Hispanic White.

*Data from 2015 to 2016. All other data are from 2017 to 2018.

tCategories defined by either fasting plasma glucose or hemoglobin A, _on the basis of data availability.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016 and 2017 to 2018.*
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Chart 2-4. Trends in prevalence (unadjusted) of meeting ideal criteria for individual components of cardiovascular health (CVH) among US children
12 to 19 years of age, 1999 to 2000 through 2017 to 2018.

Error bars represent 95% Cl. Data for the Healthy Diet Score, based on a 2-day average intake, were available only for the 2003 to 2004, 2005 to 2006, 2007
t0 2008, 2009 to 2010, 2011 to 2012, 2013 to 2014, and 2015 to 2016 National Health and Nutrition Examination Survey (NHANES) cycles at the time of this
analysis. Data on diet and diabetes were not available for NHANES 2017 to 2018 at the time of these analyses.

BMI indicates body mass index; BP, blood pressure; and PA, physical activity.

*Because of changes in the PA questionnaire between NHANES cycles 1999 to 2006 and 2007 to 2016, prevalence trends over time for this CVH component
should be interpreted with caution, and statistical comparisons should not be attempted. Trend lines are absent between these time frames as an indicator of this
issue. Data collection methodology for PA was changed in 2017 to 2018 for participants <18 years of age, resulting in an inability to estimate prevalence of ideal
PA levels in this age group during this cycle.

Source: Unpublished American Heart Association tabulation using NHANES, 1999 to 2000 through 2017 to 2018.%
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Chart 2-5. Age-standardized trends in prevalence of meeting ideal criteria for individual components of cardiovascular health (CVH) among US
adults >20 years of age, 1999 to 2000 through 2017 to 2018.

Error bars represent 95% Cl. Data for the Healthy Diet Score, based on a 2-day average intake, were available only for the 2003 to 2004, 2005 to 2006, 2007

to 2008, 2009 to 2010, 2011 to 2012, 2013 to 2014, and 2015 to 2016 National Health and Nutrition Examination Survey (NHANES) cycles at the time of this
analysis. Data on diet and diabetes were not available for NHANES 2017 to 2018 at the time of this analysis.

BMI indicates body mass index; BP, blood pressure; and PA, physical activity.

*Because of changes in the PA questionnaire between NHANES cycles 1999 to 2006 and 2007 to 2018, prevalence trends over time for this CVH component should
be interpreted with caution, and statistical comparisons should not be attempted. Trend lines are absent between these time frames as an indicator of this issue.
Source: Unpublished American Heart Association tabulation using NHANES, 1999 to 2000 through 2017 to 2018.%
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3. SMOKING/TOBACCO USE
See Table 3-1 and Charts 3-1 through 3-6

Click here to return to the Table of Contents

Tobacco use is one of the leading preventable causes
of death in the United States and globally. Cigarette

Abbreviations Used in Chapter 3
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NYTS National Youth Tobacco Survey
OR odds ratio

PAD peripheral artery disease

PAF population attributable fraction
PAR population attributable risk
PATH Population Assessment of Tobacco and Health
QALY quality-adjusted life-year

RCT randomized controlled trial

RR relative risk

SAH subarachnoid hemorrhage

SBP systolic blood pressure

SHS Strong Heart Study

ul uncertainty interval

WHO World Health Organization
YRBSS Youth Risk Behavior Survey

ABI ankle-brachial index

ACS acute coronary syndrome

AHA American Heart Association

BRFSS Behavioral Risk Factor Surveillance System
CcDC Centers for Disease Control and Prevention
CHD coronary heart disease

Cl confidence interval

CvD cardiovascular disease

CVH cardiovascular health

DALY disability-adjusted life-year

DBP diastolic blood pressure

EAGLES Study Evaluating the Safety and Efficacy of Varenicline

and Bupropion for Smoking Cessation in Subjects With
and Without a History of Psychiatric Disorders

e-cigarette electronic cigarette

EVITA Evaluation of Varenicline in Smoking Cessation for
Patients Post-Acute Coronary Syndrome

FDA US Food and Drug Administration

GBD Global Burden of Disease Study

HD heart disease

HF heart failure

HFpEF heart failure with preserved ejection fraction

HFrEF heart failure with reduced ejection fraction

HIV human immunodeficiency virus

HR hazard ratio

MEPS Medical Expenditure Panel Survey

MESA Multi-Ethnic Study of Atherosclerosis

Mi myocardial infarction

MPOWER Monitor tobacco use and prevention policies

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NSDUH National Survey on Drug Use and Health

(Continued)

The 2021 American Heart Association (AHA) Statistical Update uses
updated language surrounding race and ethnicity to honor the people
belonging to each group. Instead of referring to a specific group with
only the name of their race or ethnicity, we have identified each race or
ethnic classification with terms such as “Asian people,” “Black adults,”
"Hispanic youth,” “White females,” or similar terms.

As the AHA continues its focus on health equity to address structural
racism, we are working actively to reconcile language used in previously
published data sources and studies as we compile this information in
the annual Statistical Update. We strive to use the racial and ethnic
terms from the original data sources or published studies (mostly from
the past 5 years), which may not be as inclusive as the terms now used
in 2021. As style guidelines for scientific writing evolve, they will serve
as guidance for data sources and publications and how they are cited in
future Statistical Update publications.
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smoking, the most common form of tobacco use, is a
major risk factor for CVD and stroke.” The AHA has identi-
fied never having tried smoking or never having smoked
a whole cigarette (for children) and never having smoked
or having quit >12 months ago (for adults) as 1 of the 7
components of ideal CVH in Life’s Simple 7.2 Unless other-
wise stated, throughout the rest of this chapter, we report
tobacco use and smoking estimates from the NYTS® for
adolescents and from the NHIS* for adults (=18 years of
age) because these data sources have more recent data.
As a survey of middle and high school students, the NYTS
may not be generalizable to youth who are not enrolled in
school; however, in 2016, 97% of youth 10 to 17 years of
age were enrolled in school, which indicates that the results
of the NYTS are likely broadly applicable to US youth.?
Other forms of tobacco use are becoming increasingly
common. e-Cigarette use, which involves inhalation of
a vaporized liquid that includes nicotine, solvents, and
flavoring (“vaping”), has risen dramatically, particularly
among young people. The variety of e-cigarette—related
products has increased exponentially, giving rise to the
more general term electronic nicotine delivery systems.>
A notable evolution in electronic nicotine delivery systems
technology and marketing has occurred recently with
the advent of pod mods, small rechargeable devices that
deliver high levels of nicotine derived from nicotine salts
in loose-leaf tobacco.® Use of cigars, cigarillos, filtered
cigars, and hookah also has become increasingly com-
mon in recent years. Thus, each section below addresses
the most recent statistical estimates for combustible
cigarettes, electronic nicotine delivery systems, and other
forms of tobacco use if such estimates are available.

Prevalence
(See Chart 3-1)
Youth
¢ Prevalence of cigarette use in the past 30 days for

middle and high school students by sex and race/
ethnicity in 2019 is shown in Chart 3-1.
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* In20197:

— 31.2% (95% Cl, 29.1%-33.5%) of high school
students (corresponding to 4.7 million users)
and 12.5% (95% Cl, 11.2%-13.9%) of middle
school students (corresponding to 1.5 million
users) used any tobacco products. In addition,
5.8% (95% Cl, 4.6%—7.3%) of high school stu-
dents (860000 users) and 2.3% (95% Cl, 1.8%—
2.9%) of middle school students (270000 users)
smoked cigarettes in the past 30 days.

— 4.8% (95% Cl, 3.7%-6.3%) of high school
students (720000 users) and 1.8% (95%
Cl, 1.4%-2.2%) of middle school students
(210000) used smokeless tobacco in the past
30 days.

— 7.6% (95% Cl, 6.6%-8.8%) of high school
students (1.1 million users) and 2.3% (95%
Cl, 1.9%-2.9%) of middle school students
(270000 users) used cigars in the past 30 days.

Of youth who smoked cigarettes in the past 30

days in 2019, 28.9% (95% Cl, 23.1%-35.5%) of

middle and high school students (corresponding to

330000 users) reported smoking cigarettes on 20

to 30 days of the past 30 days.’

In 2019, tobacco use within the past month for

middle and high school students varied by race/

ethnicity: The prevalence of past 30-day cigarette
use was 5.0% (95% Cl, 3.9%-6.4%) in NH White
youth compared with 3.1% (95% Cl, 2.3-4.1%) in

NH Black youth and 3.6% (95% Cl, 2.8%-4.5%)

in Hispanic youth. For cigars, the respective per-

centages were 5.1% (95% Cl, 4.3%-6.1%), 8.6%

(7.0%-10.6%), and 4.8% (95% Cl, 3.9%-5.9%).”

The percentage of high school (27.5% or 4 110000

users) and middle school (10.5% or 1240000

users) students who used e-cigarettes in the past

30 days exceeded the proportion using cigarettes

in 2019 (Chart 3-1).

Heart Disease and Stroke Statistics—2021 Update: Chapter 3

15.0% of NH White adults reported cigarette
use every day or some days.

— By annual household income, reported ciga-
rette use every day or some days was 21.3%
of people with <$35000 income compared
with 14.9% of those with income of $35000
to $74999, 13.3% of those with income of
$75000 to $99999, and 7.3% of those with
income >$100000.

— In adults =25 years of age, the percentage
reporting current cigarette use was 21.8% for
those with <12 years of education, 36.0% in
those with a General Educational Development
high school equivalency, 19.7% among those
with a high school diploma, 18.3% among
those with some college, 14.8% among those
with an associate’s degree, and 7.1% among
those with an undergraduate degree com-
pared with 3.7% among those with a gradu-
ate degree.

— 20.6% of lesbian/gay/bisexual individuals were
current smokers compared with 13.5% of het-
erosexual/straight individuals.

— By region, the prevalence of current cigarette
smokers was highest in the Midwest (16.2%)
and South (14.8%) and lowest in the Northeast
(12.5%) and West (10.7%).*

According to data from BRFSS 2018, the state with

the highest age-adjusted percentage of current

cigarette smokers was West Virginia (26.8%). The
states with the lowest age-adjusted percentage of
current cigarette smokers were Utah (9.0%) and

California (11.4%; Chart 3-2).2

In 2018, smoking prevalence was higher among

adults =18 years of age who reported having a dis-

ability or activity limitation (19.2%) than among

those reporting no disability or limitation (13.1%).4

Among individuals reporting serious psychological

distress, 31.6% were current smokers compared

Adults with 13.0% of those without serious psychological
(See Charts 3-2 and 3-3) distress.4
e According to the NHIS 2018 data, among adults e Among females who gave birth in 2016, 7.2%

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

>18 years of age*:

— 13.7% (95% Cl, 13.1%-14.3%) of adults
reported cigarette use every day or some days.

— 15.6% (95% Cl, 14.8%-16.5%) of males and
12.0% (95% Cl, 11.2%-12.7%) of females
reported cigarette use every day or some days.

— 7.8% of those 18 to 24 years of age, 16.5%
of those 25 to 44 years of age, 16.3% of those
45 to 64 years of age, and 8.4% of those =65
years of age reported cigarette use every day or
some days.

— 22.6% of NH American Indian or Alaska Native
adults, 14.6% of NH Black adults, 7.1% of NH
Asian adults, 9.8% of Hispanic adults, and

February 23, 2021

smoked cigarettes during pregnancy. Smoking prev-
alence during pregnancy was greatest for females 20
to 24 years of age (10.7%), followed by females 15
to 19 years of age (8.5%) and 25 to 29 years of age
(8.2%).° Rates were highest among NH American
Indian or Alaska Native females (16.7%) and lowest
in NH Asian females (0.6%). With respect to differ-
ences by education, cigarette smoking prevalence
was highest among females who completed high
school (12.2%), followed by females with less than
high school education (11.7%).

e-Cigarette prevalence in 2017 is shown in Chart 3-3.
Comparing e-cigarette prevalence across the 50 states
shows that the average age-adjusted prevalence

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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was 5.3%. The lowest age-adjusted prevalence was
observed in California (3.2%), and the highest preva-
lence was observed in Oklahoma (7.5%). The age-
adjusted prevalence was 1.3% in Puerto Rico.

Incidence

e According to the 2018 NSDUH, =1.83 million peo-
ple 212 years of age had smoked cigarettes for
the first time within the past 12 months compared
with 1.90 million in 2017 (2018 NSDUH Table
4.2B)."° Of new smokers in 2018, 571000 were
12 to 17 years of age, 781000 were 18 to 20 years
of age, and 360000 were 21 to 25 years of age;
only 113000 were >26 years of age when they
first smoked cigarettes.

¢ The number of new smokers 12 to 17 years of age
in 2018 (571 000) decreased from 2017 (604 000).
The number of new smokers 18 to 25 years of age
in 2018 (1.14 million) also decreased from 2017
(1.15 million) (2018 NSDUH Table 4.2B).™°

¢ According to data from the PATH Study between
2013 and 2016, in youth 12 to 15 years of age,
use of an e-cigarette was independently associ-
ated with new ever use of combustible cigarettes
(OR, 4.09 [95% Cl, 2.97-5.63]) and past 30-day
use (OR, 2.75 [95% Cl, 1.60-4.73]) at 2 vyears
of follow-up. For youth who tried another non-
e-cigarette tobacco product, a similar strength of
association for cigarette use at 2 years was observed. "

Lifetime Risk
Youth
e Per NSDUH data for individuals 12 to 17 years of
age, overall, the lifetime use of tobacco products
declined from 14.9% to 13.4% between 2017
and 2018, with lifetime cigarette use declining
from 10.8% to0 9.6% during the same time period
(2018 NSDUH Tables 2.2B and 2.3B).°
— The lifetime use of tobacco products among
adolescents 12 to 17 years of age varied by
the following:
= Sex: Lifetime use was higher among males
(14.7%) than females (12.0%; 2018 NSDUH
Table 2.8B)."°
= Race/ethnicity: Lifetime use was highest
among American Indian and Alaska Native
adolescents (18.7%), followed by NH White
adolescents (16.3%), Hispanic or Latino
adolescents (10.8%), NH Black adolescents
(9.8%), and NH Asian adolescents (4.6%;
2018 NSDUH Table 2.8B).°

Adults
e According to NSDUH data, the lifetime use of
tobacco products in individuals =18 years of age did

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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not decline significantly between 2017 (67.5%) and

2018 (66.3%). Lifetime cigarette use declined in a

similar interval from 61.8% to 60.3% (2018 NSDUH

Tables 2.2B and 2.3B).° Similar to the patterns in

youth, lifetime risk of tobacco products varied by

demographic factors (2018 NSDUH Table 2.8B):

— Sex: Lifetime use was higher in males (75.0%)
than females (58.2%,).

— Race/ethnicity: Lifetime use was highest in
American Indian or Alaska Native adults
(78.2%) and NH White adults (74.1%), fol-
lowed by Native Hawaiian or Other Pacific
Islander adults (69.7%), Hispanic or Latino
adults (51.6%), NH Black adults (55.1%), and
NH Asian adults (40.1%).

¢ In 2018, the lifetime use of smokeless tobacco for
adults 218 years of age was 16.7% (2018 NSDUH

Table 2.1B).

Secular Trends
(See Chart 3-4)

Youth

The percentage of adolescents (12—17 years of age)
who reported smoking cigarettes in the past month
declined from 13.0% in 2002 t0 2.7% in 2018 (NSDUH
Table 7.6B™; Chart 3-4). The percentages for daily
cigarette use among those with past-month cigarette
smoking in 12- to 17-year-olds were 31.5% in 2002
and 14.8% in 2018.'%'2 Trends in e-cigarette use and
other tobacco product use among high school students
between 2011 and 2018 are shown in Chart 3-5.

Adults
Since the US Surgeon General's first report on the
health dangers of smoking, age-adjusted rates of smok-
ing among adults have declined, from 51% of males
smoking in 1965 to 15.6% in 2018 and from 34% of
females in 1965 to 12.0% in 2018, according to NHIS
data.*" The decline in smoking, along with other fac-
tors (including improved treatment and reductions
in the prevalence of risk factors such as uncontrolled
hypertension and high cholesterol), is a contributing
factor to secular declines in the HD death rate.™
® On the basis of weighted NHIS data, the current
smoking status among 18- to 24-year-old males
declined 47.5%, from 28.0% in 2005 to 14.7%
in 2016; for 18- to 24-year-old females, smoking
declined 44.4%, from 20.7% to 11.5%, over the
same time period."
¢ According to data from the BRFSS, the prevalence
of e-cigarette use increased from 4.3% to 4.8%
between 2016 and 2018 in US adults. Increases
in e-cigarette use over this period were signifi-
cant for middle-aged adults, women, and former
smokers.®
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e From 2005 to 2015, adjusted prevalence rates for

tobacco use in individuals with serious psychologi-
cal distress (according to the Kessler Scale) went
from 41.9% to 40.6%, which represents a nonsig-
nificant decline; however, rates for people without
serious psychological stress declined significantly,
from 20.3% to 14.0%."°

CVH Impact
e A 2010 report of the US Surgeon General on how

tobacco causes disease summarized an extensive
body of literature on smoking and CVD and the
mechanisms through which smoking is thought to
cause CVD." There is a sharp increase in CVD risk with
low levels of exposure to cigarette smoke, including
secondhand smoke, and a less rapid further increase
in risk as the number of cigarettes per day increases.
Similar health risks for CHD events were reported in a
systematic review of regular cigar smoking.'®
Smoking is an independent risk factor for CHD and
appears to have a multiplicative effect with the
other major risk factors for CHD: high serum levels
of lipids, untreated hypertension, and diabetes."”
Cigarette smoking and other traditional CHD risk
factors might have a synergistic interaction in HIV-
positive individuals.

Among the US Black population, cigarette use is
associated with elevated measures of subclinical
PAD in a dose-dependent manner. Current smok-
ers had an increased adjusted odds of ABI <1 (OR,
2.2 [95% Cl, 1.5-3.3]).%°

A meta-analysis of 75 cohort studies (=2.4 million
individuals) demonstrated a 25% greater risk for
CHD in female smokers than in male smokers (RR,
1.25[95% Cl, 1.12-1.39]).%'

Cigarette smoking is a risk factor for both ischemic
stroke and SAH in adjusted analyses and has a syn-
ergistic effect on other stroke risk factors such as
oral contraceptive use.?

A meta-analysis comparing pooled data of =3.8
million smokers and nonsmokers found a similar
risk of stroke associated with current smoking in
females and males.?3

Current smokers have a 2 to 4 times increased
risk of stroke compared with nonsmokers or those
who have quit for >10 years.?224

A meta-analysis of 26 studies reported that com-
pared with never smoking, current smoking (RR,
1.75 [95% Cl, 1.54-1.99]) and former smoking
(RR, 1.16 [95% Cl, 1.08-1.24]) were associated
with increased risk of HF2?> In MESA, compared
with never smoking, current smoking was associ-
ated with an adjusted doubling in incident HF (HR,
2.05[95% Cl, 1.36-3.09]). The increased risk was
similar for HFpEF (HR, 2.51) and HFrEF (HR, 2.58).2¢
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e Short-term exposure to water pipe smoking is
associated with a significant increase in SBP, DBP,
and heart rate compared with nonsmoking control
subjects,?” but long-term effects remain unclear.
Current use of smokeless tobacco was associated
with an adjusted 1.27-fold increased risk of CVD
events compared with never using. The CVD rate
was 11.3 per 1000 person-years in never users and
21.4in current users of smokeless tobacco.?®

e The long-term CVD risks associated with e-cigarette
use are not known because of a lack of longitudinal
data.?®3° However, e-cigarette use has been linked
to elevated levels of preclinical biomarkers asso-
ciated with cardiovascular injury such as markers
for sympathetic activation, oxidative stress, inflam-
mation, thrombosis, and vascular dysfunction.?™ In
addition, daily and some-day use of e-cigarettes
may be associated with Ml and CHD.3233

e Dual use of e-cigarettes and combustible ciga-
rettes was associated with significantly higher
odds of CVD (OR, 1.36[95% Cl, 1.18-1.56]) com-
pared with exclusive combustible cigarette use.*
The association of dual use (relative to exclusive
cigarette use) with CVD was 1.57 (95% Cl, 1.18-
2.07) for daily e-cigarette users and 1.31 (95% Cl,
1.13-1.53) for occasional e-cigarette users.

Family History and Genetics

¢ Genetic factors contribute to smoking behavior;
common and rare variants in several loci have been
found to be associated with smoking initiation,
number of cigarettes smoked per day, and smok-
ing cessation 343

¢ Genetics might also modify adverse CVH outcomes
among smokers, with variation in ADAMTS7 asso-
ciated with loss of cardioprotection in smokers.**

Smoking Prevention

Tobacco 21 legislation was signed into law on December
20, 2019, increasing the federal minimum age for sale
of tobacco products from 18 to 21 years.?’
¢ Such legislation is likely to reduce the rates of
smoking during adolescence—a time during which
the majority of smokers start smoking—Dby limiting
access because most people who buy cigarettes
for adolescents are <21 years of age.

— For instance, investigators compared smoking
rates in Needham, MA, after introduction of an
ordinance that raised the minimum purchase
age to 21 years. The 30-day smoking rate in
Needham declined from 13% to 7% between
2006 and 2010 compared with a decline from
15% to 12% (P<0.001) in 16 surrounding
communities.®

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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— Another study using BRFSS 2011 to 2016 data
before the federal legislation found that met-
ropolitan and micropolitan statistical areas
with local Tobacco 21 policies yielded signifi-
cant reductions in smoking among youth 18 to
20 years of age.**

In addition, in several towns where Tobacco 21

laws were enacted before federal legislation,

reductions of up to 47% in smoking prevalence
among high school students have been reported.*

Furthermore, the National Academy of Medicine

estimates that the nationwide Tobacco 21 law

could result in 249000 fewer premature deaths,

45000 fewer lung cancer deaths, and 4.2 mil-

lion fewer life-years lost among Americans born

between 2010 and 2019.4°

Before the federal minimum age of sale increase,

19 states (Hawaii, California, New Jersey, Oregon,

Maine, Massachusetts, lllinois, Virginia, Delaware,

Arkansas, Texas, Vermont, Connecticut, Maryland,

Ohio, New York, Washington, Pennsylvania, and

Utah), Washington, DC, and at least 470 locali-

ties (including New York City, NY; Chicago, IL; San

Antonio, TX; Boston, MA; Cleveland, OH; and

both Kansas Cities [Kansas and Missouri]) passed

legislation setting the minimum age for the pur-
chase of tobacco to 21 years.*'

Awareness, Treatment, and Control
Smoking Cessation
¢ According to NHIS 2017 data, 61.7% of adult

ever smokers had stopped smoking; the quit rate

has increased 6 percentage points since 2012

(55.1%).%

— Between 2011 and 2017, according to BRFSS
surveys, quit attempts varied by state, with
quit attempts increasing in 4 states (Kansas,
Louisiana, Virginia, and West Virginia), declin-
ing in 2 states (New York and Tennessee), and
not changing significantly in 44 states. In 2017
the quit attempts over the past year were high-
est in Guam (72.3%) and lowest in Wisconsin
(58.6%), with a median of 65.4%.%

— According to NHIS 2015 data, the majority
(68.0%) of adult smokers wanted to quit smok-
ing; 55.4% had tried in the past year, 7.4%
had stopped recently, and 57.2% had received
health care provider advice to quit.** Receiving
advice to quit smoking was lower among unin-
sured smokers (44.1%) than among those with
health insurance coverage through Medicaid
or those who were dual eligible for coverage
(both Medicaid and Medicare; 59. 9%).

¢ Data from clinical settings suggest wide variation in

counseling practices related to smoking cessation.

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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In a study based on national registry data, only
1 in 3 smokers who visited a cardiology practice
received smoking cessation assistance.*®
According to cross-sectional MEPS data from 2006
to 2015, receiving advice to quit increased over time
from 60.2% in 2006 to 2007 to 64.9% in 2014 to
2015. In addition, in 2014 to 2015, use of prescrip-
tion smoking cessation medicine was significantly
lower among NH Black (OR, 0.51 [95% Cl, 0.38-
0.69]), NH Asian (OR, 0.31[95% Cl, 0.10-0.93]), and
Hispanic (OR, 0.53 [95% Cl, 0.36-0.78)) individuals
compared with White individuals. Use of prescrip-
tion smoking cessation medicine was also signifi-
cantly lower among those without health insurance
(OR, 0.58 [95% Cl, 0.41-0.83]) and higher among
females (OR, 1.28 [95% ClI, 1.10-1.52]).%¢ In 2014
to 2015, receipt of doctor’s advice to quit among
US adult smokers was significantly lower in NH
Black (59.7 [95% Cl, 56.1-63.1]) and Hispanic (57.9
[95% Cl, 53.5-62.2]) individuals compared with NH
White individuals (66.6 [95% Cl, 64.1-69.1]).

— The period from 2000 to 2015 revealed sig-
nificant increases in the prevalence of smok-
ers who had tried to quit in the past year, had
stopped recently, had a health professional rec-
ommend quitting, or had used cessation coun-
seling or medication.*

— In 2015, fewer than one-third of smokers
attempting to quit used evidence-based thera-
pies: 4.7% used both counseling and medica-
tion, 6.8% used counseling, and 29.0% used
medication (16.6% nicotine patch, 12.5%
gum/lozenges, 2.4% nicotine spray/inhaler,
2.7% bupropion, and 7.9% varenicline).*

Smoking cessation reduces the risk of cardiovascu-

lar morbidity and mortality for smokers with and

without CHD.

— In several studies, a dose-response relation-
ship has been seen among current smokers
between the number of cigarettes smoked per
day and CVD incidence.*"4®

— Quitting smoking at any age significantly low-
ers mortality from smoking-related diseases,
and the risk declines with the time since quit-
ting smoking.! Cessation appears to have both
short-term (weeks to months) and long-term
(years) benefits for lowering CVD risk.*°

— Smokers who quit smoking at 25 to 34 years
of age gained 10 years of life compared with
those who continued to smoke. Those 35 to
44 years of age gained 9 years, those 45 to 54
years of age gained 6 years, and those 55 to
64 years of age gained 4 years of life, on aver-
age, compared with those who continued to
smoke.*’
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— Among those with a cumulative smoking his-
tory of at least 20 pack-years, individuals who
quit smoking had a significantly lower risk of
CVD within 5 years of smoking cessation com-
pared with current smokers. However, former
smokers’ CVD risks remained significantly
higher than risks for never smokers beyond 5
years after smoking cessation.>°

Cessation medications (including sustained-release
bupropion, varenicline, nicotine gum, lozenge,
nasal spray, and patch) are effective for helping
smokers quit.>">?
EVITA was an RCT that examined the efficacy
of varenicline versus placebo for smoking cessa-
tion among smokers who were hospitalized for
ACS. At 24 weeks, rates of smoking abstinence
and reduction were significantly higher among
patients randomized to varenicline. The absti-
nence rates at 24 weeks were higher in the
varenicline (47.3%) than the placebo (32.5%)
group (P=0.012; number needed to treat, 6.8).
Continuous abstinence rates and reduction rates
(=50% of daily cigarette consumption) were also
higher in the varenicline group.
The EAGLES trial®* demonstrated the efficacy and
safety of 12 weeks of varenicline, bupropion, or
nicotine patch in motivated-to-quit patients who
smoked with major depressive disorder, bipolar
disorder, anxiety disorders, posttraumatic stress
disorder, obsessive-compulsive disorder, social
phobia, psychotic disorders including schizophre-
nia and schizoaffective disorders, and borderline
personality disorder. Of note, these participants
were all clinically stable from a psychiatric per-
spective and were believed not to be at high risk
for self-injury.>

Extended use of a nicotine patch (24 weeks com-

pared with 8 weeks) has been demonstrated to be

safe and efficacious in randomized clinical trials.>>

An RCT demonstrated the effectiveness of indi-

vidual- and group-oriented financial incentives for

tobacco abstinence through at least 12 months
of follow-up.*®

In addition to medications, smoke-free poli-

cies, increases in tobacco prices, cessation advice

from health care professionals, and quit lines and
other counseling have contributed to smoking
cessation. 44>

Mass media antismoking campaigns such as the

CDC's Tips campaign (Tips From Former Smokers)

have been shown to reduce smoking-attributable

morbidity and mortality and are cost-effective.

Investigators estimated that the Tips campaign

cost about $48 million, saved =179099 QALYs,

and prevented ~17000 premature deaths in the

United States.*®
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Despite states having collected $25.6 billion in
2012 from the 1998 Tobacco Master Settlement
Agreement and tobacco taxes, <2% of those
funds are spent on tobacco prevention and cessa-
tion programs.>®

A randomized trial of e-cigarettes and behavioral
support versus nicotine-replacement therapy and
behavioral support in adults attending the UK
National Health Service stop-smoking services found
that 1-year cigarette abstinence rates were 18% in
the e-cigarette group compared with 9.9% in the
nicotine-replacement therapy group (RR, 1.83 [95%
Cl, 1.30-2.58]; P<0.001). However, among partici-
pants abstinent at 1 year, in the nicotine-replacement
therapy group, only 9% were still using nicotine-
replacement therapy, whereas 80% of those in the
e-cigarette group were still using e-cigarettes.®
Observational evidence suggests that daily use of
e-cigarettes is associated with increased likelihood
of combustible cigarette smoking abstinence.
However, some-day use of e-cigarettes is not asso-
ciated with smoking abstinence or reduction.®!

Mortality

According to the 2020 Surgeon General’s report
on smoking cessation, >480000 Americans die as
a result of cigarette smoking and >41000 die of
secondhand smoke exposure each year, =1 in 5
deaths annually.

Of risk factors evaluated by the US Burden of
Disease Collaborators, tobacco use was the sec-
ond leading risk factor for death in the United
States and the leading cause of DALYs, account-
ing for 11% of DALYs, in 2016.%2 Overall mortality
among US smokers is 3 times higher than that for
never smokers.*

On average, on the basis of 2016 data, male smok-
ers die 12 years earlier than male never smokers,
and female smokers die 11 years earlier than
female never smokers.'463

Increased CVD mortality risks persist for older (=60
years of age) smokers as well. A meta-analysis of 25
studies comparing CVD risks in 503905 cohort par-
ticipants =60 years of age reported an HR for car-
diovascular mortality of 2.07 (95% Cl, 1.82-2.36)
compared with never smokers and 1.37 (95% Cl,
1.25-1.49) compared with former smokers.%*

In a sample of Native American individuals (SHS),
among whom the prevalence of tobacco use is
highest in the United States, the PAR for total
mortality was 18.4% for males and 10.9% for
females.®

Since the first report on the dangers of smoking was
issued by the US Surgeon General in 1964, tobacco
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control efforts have contributed to a reduction of 8
million premature smoking-attributable deaths.5¢

e [f current smoking trends continue, 5.6 million US

children will die of smoking prematurely during
adulthood."”

Electronic Cigarettes
(See Charts 3-1 and 3-4)

¢ Electronic nicotine delivery systems, more com-

monly called e-cigarettes, are battery-operated
devices that deliver nicotine, flavors, and other
chemicals to the user in an aerosol. Although
e-cigarettes were introduced into the United
States only around 2007, there are currently >450
e-cigarette brands on the market, and sales in the
United States were projected to be $2 billion in
2014. In 2015, Juul came on the market and has
rapidly become the most popular e-cigarette prod-
uct sold in the United States. The popularity of the
Juul likely relates to several factors, including its
slim and modern design, appealing flavors, and
intensity of nicotine delivery, which approximates
the experience of combustible cigarettes.®’
e-Cigarette use has become prevalent among
never smokers. In 2016, an estimated 1.9 million
tobacco users exclusively used e-cigarettes in the
United States. Of these exclusive e-cigarette users,
60% were <25 years of age.%®

Current e-cigarette user prevalence for 2017 in the
United States is shown in Chart 3-3.

According to the NYTS, in 2019, e-cigarettes
were the most commonly used tobacco products
in youth: In the past 30 days, 10.5% (1.2 mil-
lion) of middle school and 27.5% (4.1 million) of
high school students endorsed use (Chart 3-1).7
A significant nonlinear increase in current e-cig-
arette use in high school students was observed
between 2011 (1.5%) and 2019 (27.4%).7%° A
significant increase in current e-cigarette use also
was observed for middle school students, for
whom the corresponding values were 0.6% and
10.5% in the 2 periods.>” Among high school
students, rates of use were approximately equal
between males (27.6%) and females (27.4%)
and most pronounced among NH White stu-
dents (32.4%). In middle school students, slightly
higher rates were observed in females (10.8%)
and in Hispanic students (13.1%).”

Frequent use of e-cigarettes among high school stu-
dents who were current e-cigarette users increased
from 27.7% in 2018 to 34.2% in 2019. In middle
school students, the percentage using frequently
among current e-cigarette users increased from
16.2% in 2018 to 18.0% in 2019.37
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¢ In 2016, 20.5 million US middle and high school

students (80%) were exposed to e-cigarette
advertising.”®

Among US adults, awareness and use of e-ciga-
rettes have increased considerably.” In 2018, the
prevalence of current e-cigarette use in adults,
defined as use every day or on some days, was
3.2% according to data from the NHIS. The preva-
lence of current e-cigarette use was highest in
individuals 18 to 24 years of age (7.6%) and in
those with serious psychological distress (6.2 %).*
According to BRFSS 2016, current use of e-ciga-
rettes in adults =18 years of age was higher in sex-
ual and gender minority individuals. With respect
to sexual orientation, 9.0% of bisexual and 7.0%
of lesbian/gay individuals were current e-cigarette
users compared with 4.6% of heterosexual peo-
ple. Individuals who were transgender (8.7%)
were current e-cigarette users at a higher rate than
cisgender individuals (4.7%). Across US states, the
highest prevalence of current e-cigarette use was
observed in Oklahoma (7.0%) and the lowest in
South Dakota (3.1%).72

e-Cigarettes contain lower levels of most tobacco-
related toxic constituents compared with tra-
ditional cigarettes,”® including volatile organic
compounds.’#”> However, nicotine levels have
been found to be consistent across long-term ciga-
rette and long-term e-cigarette users.3'7
e-Cigarette use has a significant cross-sectional
association with a less favorable perception of
physical and mental health and with depression.””.78
According to the BRFSS 2016 and 2017, e-cigarettes
are associated with a 39% increased odds of self-
reported asthma (OR, 1.39 [95% Cl, 1.15-1.68])
and self-reported chronic obstructive pulmonary dis-
ease (OR, 1.75 [95% Cl, 1.25-2.45]) among never
users of combustible cigarette.”>® There is a dose-
response relationship such that higher frequency of
e-cigarette use was associated with more asthma or
chronic obstructive pulmonary disease.

An outbreak of e-cigarette or vaping product use—
associated lung injury peaked in September 2019
after increasing rapidly between June and August
2019. Surveillance data and product testing indicate
that tetrahydrocannabinol-containing e-cigarettes
or vaping products are linked to most e-cigarette
or vaping product use—associated lung injury cases.
In particular, vitamin E acetate, an additive in some
tetrahydrocannabinol-containing e-cigarettes or
vaping, has been identified as the primary source
of risk, although exposure to other e-cigarette— or
vaping-related toxicants may also play a role. As
of February 18, 2020, a total of 2807 hospitalized
e-cigarette or vaping product use—associated lung
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injury cases or deaths have occurred in the United
States.®!

Effective August 8, 2016, the FDA's Deeming Rule
prohibited sale of e-cigarettes to individuals <18
years of age.®

In January 2020, the FDA issued a policy pri-
oritizing enforcement against the development
and distribution of certain unauthorized fla-
vored e-cigarette products such as fruit and mint
flavors (ie, any flavors other than tobacco and
menthol).®

Secondhand Smoke

Data from the US Surgeon General on the con-
sequences of secondhand smoke indicate the
following:

— Nonsmokers who are exposed to secondhand
smoke at home or at work increase their risk of
developing CHD by 25% to 30%."

— Exposure to secondhand smoke increases the
risk of stroke by 20% to 30%, and it is associ-
ated with increased mortality (adjusted mortal-
ity rate ratio, 2.11) after a stroke.®

A meta-analysis of 23 prospective and 17 case-con-

trol studies of cardiovascular risks associated with

secondhand smoke exposure demonstrated 18%,

23%, 23%, and 29% increased risks for total mor-

tality, total CVD, CHD, and stroke, respectively, in

those exposed to secondhand smoke.®

A meta-analysis of 24 studies demonstrated that

secondhand smoke can increase risks for preterm

birth by 20% .5

A study using the Framingham Offspring cohort

found that there was an 18% increase in AF

among offspring for every 1-cigarette pack per
day increase in parental smoking. In addition, off-

spring with parents who smoked had 1.34 (95%

Cl, 1.17-1.54) times the odds of smoking com-

pared with offspring with nonsmoking parents.®’

As of December 31, 2019, 14 states (California,

Colorado, Delaware, Hawaii, Massachusetts, New

Jersey, New Mexico, New York, North Dakota,

Oregon, Rhode Island, South Dakota, Utah, and

Vermont), the District of Columbia, and Puerto Rico

have passed comprehensive smoke-free indoor air

laws that include e-cigarettes. These laws prohibit
smoking and the use of e-cigarettes in indoor areas
of private worksites, restaurants, and bars.*':8

Pooled data from 17 studies in North America,

Europe, and Australia suggest that smoke-free leg-

islation can reduce the incidence of acute coronary

events by 10% (RR, 0.90 [95% Cl, 0.86-0.94]).%°

The percentage of the US nonsmoking population

with serum cotinine =0.05 ng/mL (which indicates

exposure to secondhand smoke) declined from

298 February 23, 2021

Heart Disease and Stroke Statistics—2021 Update: Chapter 3

52.5% in 1999 to 2000 to 25.3% in 2011 to 2012,
with declines occurring for both children and adults.
During 2011 to 2012, the percentage of nonsmok-
ers with detectable serum cotinine was 40.6% for
those 3 to 11 years of age, 33.8% for those 12 to 19
years of age, and 21.3% for those >20 years of age.
The percentage was higher for NH Black individuals
(46.8%) than for NH White individuals (21.8%) and
Mexican American individuals (23.9%). People living
below the poverty level (43.2%) and those living in
rental housing (36.8%) had higher rates of second-
hand smoke exposure than their counterparts (21.1%
of those living above the poverty level and 19.0% of
those who owned their homes; NHANES).*

Cost

According to the Surgeon General’s 50th anniversary
report on the health consequences of smoking, the
estimated annual cost attributable to smoking from
2009 to 2012 was between $289 and $332.5 billion:
Direct medical care for adults accounted for $132.5
to $175.9 billion; lost productivity because of prema-
ture death accounted for $151 billion (estimated from
2005-2009); and lost productivity resulting from sec-
ondhand smoke accounted for $5.6 billion (in 2006).'

In the United States, cigarette smoking was associ-
ated with 8.7% of annual aggregated health care
spending from 2006 to 2010, which represented
roughly $170 billion per year, 60% of which was paid
by public programs (eg, Medicare and Medicaid).*!
According tothe CDC and Federal Trade Commission,
the tobacco industry spends about $9.06 billion on
cigarette and smokeless tobacco advertising annu-
ally, equivalent to $25 million per day.*?

In 2018, 216.9 billion cigarettes were sold by
major manufacturers in the United States, which
represents a 5.3% decrease (12.2 billion units)
from 2017.%2

Cigarette prices in the United States increased
steeply between the early 1970s and 2018, in large
part because of excise taxes on tobacco products.
Per pack in 1970, the average cost was $0.38 and
tax was $0.18, whereas in 2018, the average cost
was $6.90 and average tax $2.82.%*

From 2012 through 2016, e-cigarette sales signifi-
cantly increased while national e-cigarette prices
significantly decreased. Together, these trends
highlight the rapidly changing landscape of the US
e-cigarette marketplace.*

Despite the morbidity and mortality resulting
from tobacco use, Dieleman et al®® estimated that
tobacco interventions were among the bottom
third of health care expenditures of the 154 health
conditions they analyzed. They estimated that in
2019 the United States spent $1.9 billion (95% Cl,
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$1.5-%$2.3 billion) on tobacco interventions, the
majority (75.6%) on individuals 20 to 64 years of
age. Almost half of the funding (48.5%) for the
intervention came from public insurance.

Global Burden of Tobacco Use
(See Table 3-1 and Chart 3-6)

According to the GBD synthesis of >2800 data
sources, the age-standardized global prevalence
of daily smoking in 2017 was 8.7% (95% U,
7.72%-9.79%) in males and 1.76% (95% UlI,
1.52%-2.02%) in females. The investigators esti-
mate that since 1990 smoking rates have declined
globally by 23% in males and 42% in females.®®
The GBD 2019 study used statistical models and
data on incidence, prevalence, case fatality, excess
mortality, and cause-specific mortality to esti-
mate disease burden for 369 diseases and injuries
and 87 risk factors in 204 countries and territo-
ries. Oceania, East and Central Asia, and Eastern
Europe have the highest mortality rates attribut-
able to tobacco (Chart 3-6).

In 2015, there were a total of 933.1 million (95%
Ul, 831.3-1054.3 million) smokers globally, of
whom 82.3% were male. The annualized rate of
change in smoking prevalence between 1990 to
2015 was —1.7% in females and —=1.3% in males.*”
Worldwide, =80% of smokers live in low- and
middle-income countries.®®

Tobacco (including smoking, secondhand smoke,
and chewing tobacco) caused an estimated 8.7
million deaths globally in 2019 (6.6 million males
and 2.1 million females; Table 3-1).%® GBD investi-
gators estimated that in 2019 tobacco was the sec-
ond leading risk of mortality (high SBP was number
1), and tobacco ranked third in DALYs globally.®
The WHO estimated that the economic cost of
smoking-attributable diseases accounted for US
$422 billion in 2012, which represented =5.7% of

Table 3-1. Deaths Caused by Tobacco Worldwide by Sex, 2019

Heart Disease and Stroke Statistics—2021 Update: Chapter 3

global health expenditures.' The total economic
costs, including both health expenditures and
lost productivity, amounted to approximately US
$1436 billion, which was roughly equal to 1.8%
of the world’s annual gross domestic product. The
WHO further estimated that 40% of the expendi-
tures were in developing countries.

To help combat the global problem of tobacco expo-
sure, in 2003, the WHO adopted the Framework
Convention on Tobacco Control treaty. From this
emerged a set of evidence-based policies with the
goal of reducing the demand for tobacco, entitled
MPOWER. MPOWER policies outline the follow-
ing strategies for nations to reduce tobacco use: (1)
monitor tobacco use and prevention policies; (2)
protect individuals from tobacco smoke; (3) offer to
help with tobacco cessation; (4) warn about tobacco-
related dangers; (5) enforce bans on tobacco adver-
tising; (6) raise taxes on tobacco; and (7) reduce the
sale of cigarettes. More than half of all nations have
implemented at least 1 MPOWER policy.”>'°" In 2018,
population cost coverage (either partial or full) for quit
interventions increased to 78% in middle-income
countries and to 97 % in high-income countries; 5 bil-
lion people are now covered by at least 1T MPOWER
measure. However, only 23 countries offered compre-
hensive cessation support in the same year.'%?

The CDC examined data from 28 countries from
the 2008 to 2016 Global Adult Tobacco Survey
and reported that the median prevalence of
tobacco smoking was 22.5% with wide hetero-
geneity (3.9% in Nigeria to 38.2% in Greece).
Among current smokers, quit attempts over the
prior 12 months also varied with a median of
42.5% (ranging from 14.4% in China to 59.6%
in Senegal). Knowledge that smoking causes heart
attacks (median, 83.6%; range, 38.7% in China
to 95.5% in Turkey) and stroke (median 73.6%;
range, 27.2% in China to 89.2% in Romania) var-
ied widely across countries.'®3

Both sexes (95% UI)

Males (95% UI)

Females (95% UI)

Total No. of deaths, millions

8.7(8.1t09.3)

6.6(6.0t07.1)

2.1(2.0t02.3)

Percent change in total number 1990-2019

28.6 (19.5 to 38.8)

31.7(20.2 to 45.0)

19.8 (10.2 to 29.6)

Percent change in total number 2010-2019

10.0(3.3t0 17.2)

9.8(1.61018.7)

10.7 (3.8 t0 18.1)

Mortality rate per 100000, age-standardized

108.6 (101.3 to 115.9)

180.6 (166.1 to 194.8)

49.2 (44.8 t0 53.7)

Percent change in rate, age standardized 1990-2019

-38.9(-43.2t0-34.2)

-39.2 (-44.4 t0 -33.4)

-42.6 (-47.0 to —38.1)

Percent change in rate, age standardized 2010-2019

-15.1(-20.1t0 -9.7)

-15.6 (-21.8 t0 -9.0)

-14.9 (-20.1t0 -9.3)

PAF, all ages, %

15.4(14.6 t0 16.2)

21.4(20.5t022.3)

8.3(7.71t08.9)

Percent change in PAF, all ages 1990-2019

6.1(0.8t0 12.1)

7.5(2.5t013.7)

0.1(-5.4t06.4)

Percent change in PAF, all ages 2010-2019

26(-1.3t06.6)

34(-06t07.1)

2.1(-1.11t05.5)

PAF indicates population attributable fraction; and Ul, uncertainty interval.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®® Printed with permission.

Copyright © 2020, University of Washington.
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Chart 3-1. Prevalence (percent) of tobacco use in the United States in the past 30 days by product,* school level, sex, and race/ethnicityt (NYTS, 2019).
Data in (A) relate to high school students and (B) relate to middle school students. Because of methodological differences among the NSDUH, the YRBSS, the
NYTS, and other surveys, percentages of cigarette smoking measured by these surveys are not directly comparable. Notably, school-based surveys might include
students who are 18 years of age, who are legally permitted to smoke and have higher rates of smoking.

e-Cigarette indicates electronic cigarette; NSDUH, National Survey on Drug Use and Health; NYTS, National Youth Tobacco Survey; and YRBSS, Youth Risk Behavior
Survey.

*Past 30-day use of e-cigarettes was determined by asking, “During the past 30 days, on how many days did you use e-cigarettes?” Past 30-day use of cigarettes was
determined by asking, “During the past 30 days, on how many days did you smoke cigarettes?” Past 30-day use of cigars was determined by asking, “During the past
30 days, on how many days did you smoke cigars, cigarillos, or little cigars?” Past 30-day use of hookah was determined by asking, “During the past 30 days, on how
many days did you smoke tobacco in a hookah or waterpipe?” Smokeless tobacco was defined as use of chewing tobacco, snuff, dip, snus, or dissolvable tobacco
products. Past 30-day use of smokeless tobacco was determined by asking the following question for use of chewing tobacco, snuff, and dip: “During the past 30
days, on how many days did you use chewing tobacco, snuff, or dip?” and the following question for use of snus and dissolvable tobacco products: “In the past 30
days, which of the following products did you use on at least 1 day?” Responses from these questions were combined to derive overall smokeless tobacco use. Past
30-day use of pipe tobacco (not hookahs) was determined by asking, “In the past 30 days, which of the following products have you used on at least 1 day?”
tHispanic people could be of any race.

$Any tobacco product use was defined as use of any tobacco product (e-cigarettes, cigarettes, cigars, smokeless tobacco, hookahs, pipe tobacco, or bidis) on =1
days in the past 30 days.

§Any combustible tobacco product use was defined as use of cigarettes, cigars, hookahs, pipe tobacco, or bidis on >1 days in the past 30 days.

IUse of >2 tobacco products was defined as use of >2 tobacco products (e-cigarettes, cigarettes, cigars, smokeless tobacco, hookahs, pipe tobacco, or bidis) on >1
days in the past 30 days.

Source: Data derived from Wang et al.”
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Chart 3-2. Age-adjusted prevalence (%) of current cigarette smoking for US adults by state (BRFSS, 2018).

White space between the map and legend has been removed. Icons and drop-down menus for interactive tools have been removed.
BRFSS indicates Behavior Risk Factor Surveillance System.

Source: BRFSS prevalence and trends data, 2018.2
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Chart 3-3. Prevalence (age-adjusted) of current electronic cigarette use, United States (BRFSS, 2017).

White space between the map and legend has been removed. Icons and drop-down menus for interactive tools have been removed.
BRFSS indicates Behavior Risk Factor Surveillance System.

Source: BRFSS prevalence and trends data, 2017.2
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Chart 3-4. Past-month cigarette use among people 212 years of age, by age group: percentages, 2002 to 2018, United States (NHIS, 2002-2018;
NSDUH, 2002-2018).

NHIS indicates National Health Interview Survey; and NSDUH, National Survey on Drug Use and Health.

Source: Reprinted from NSDUH.%
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Chart 3-5. Estimated percentage of US high school students who currently use any tobacco product,* any combustible tobacco product,t >2 tobacco
product types,f and selected tobacco products (NYTS, 2011-2018).§I

e-Cigarette indicates electronic cigarettes; and NYTS, National Youth Tobacco Survey.

*Any tobacco product use was defined as use of e-cigarettes, cigarettes, cigars, hookahs, smokeless tobacco, pipe tobacco, or bidis (small brown cigarettes
wrapped in a leaf) on =1 days in the past 30 days.

tAny combustible tobacco product use was defined as use of cigarettes, cigars, hookahs, pipe tobacco, or bidis on >1 days in the past 30 days.

$Use of 22 tobacco product types was defined as use of 22 of the following tobacco products: e-cigarettes, cigarettes, cigars, hookahs, smokeless tobacco, pipe
tobacco, or bidis on =1 days in the past 30 days.

§During 2017 to 2018, current use of any tobacco product, 22 types of tobacco products, and e-cigarettes significantly increased (P<0.05).

IDuring 2011 to 2018, current use of combustible tobacco products, 22 types of tobacco products, cigars, smokeless tobacco, and pipe tobacco exhibited linear
decreases (P<0.05). Current use of cigarettes exhibited a nonlinear decrease (P<0.05). Current use of hookahs exhibited a nonlinear change (P<0.05). Current use
of e-cigarettes exhibited a nonlinear increase (P<0.05). No significant trend in use of any tobacco product overall was observed.

fIBeginning in 2015, the definition of smokeless tobacco included chewing tobacco/snuff/dip, snus, and dissolvable tobacco to better reflect this class of tobacco
products. Thus, estimates for individual smokeless tobacco products (chewing tobacco/snuff/dip, snus, and dissolvable tobacco) are not reported. This definition
was applied across all years (2011-2018) for comparability purposes.

Source: Reprinted from Gentzke et al.?
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Chart 3-6. Age-standardized global mortality rates attributable to tobacco per 100000, both sexes, 2019.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.®® Printed with permission.
Copyright © 2020, University of Washington. Detailed results are available on the GBD website."®

REFERENCES

1.

Thun MJ, Carter BD, Feskanich D, Freedman ND, Prentice R,
Lopez AD, Hartge P, Gapstur SM. 50-year trends in smoking-related
mortality in the United States. N Engl J Med. 2013;368:351-364. doi:
10.1056/NEJMsa1211127

. American Heart Association. My Life Check-Life’s Simple 7. Accessed

July 28, 2020. https://www.heart.org/en/healthy-living/healthy-lifestyle/
my-life-check-lifes-simple-7.

. Gentzke AS, Creamer M, Cullen KA, Ambrose BK, Willis G, Jamal A,

King BA. Vital signs: tobacco product use among middle and high school
students-United States, 2011-2018. MMWR Morb Mortal Wkly Rep.
2019;68:157-164. doi: 10.15585/mmwr.mm6806e1

. Creamer MR, Wang TW, Babb S, Cullen KA, Day H, Willis G, Jamal A,

Neff L. Tobacco product use and cessation indicators among adults-United
States, 2018. MMWR Morb Mortal Wkly Rep. 2019;68:1013-1019. doi:
10.15585/mmwr.mm6845a2

. Centers for Disease Control and Prevention (CDC). Electronic nicotine delivery

systems key facts. 2019. Accessed April 20, 2020. https:/chronicdata.cdc.
gov/Policy/Electronic-Nicotine-Delivery-Systems-Key-Facts-Inf/nwhw-m4ki.

. Barrington-Trimis JL, Leventhal AM. Adolescents’ use of “pod mod”

e-cigarettes: urgent concerns. N Engl J Med. 2018;379:1099-1102. doi:
10.1056/NEJMp 1805758

. Wang TW, Gentzke AS, Creamer MR, Cullen KA, Holder-Hayes E,

Sawdey MD, Anic GM, Portnoy DB, Hu S, Homa DM, et al. Tobacco
product use and associated factors among middle and high school stu-
dents—United States, 2019. MMWR Surveill Summ. 2019;68:1-22. doi:
10.15585/mmwr.ss6812a

. Centers for Disease Control and Prevention, National Center for Chronic

Disease Prevention and Health Promotion. Behavioral Risk Factor
Surveillance System (BRFSS): BRFSS prevalence & trends data. Accessed
April 1, 2020. https://www.cdc.gov/brfss/brfssprevalence/.

. Drake P, Driscoll AK, Mathews TJ. Cigarette smoking during pregnancy:

United States, 2016. NCHS Data Brief. 2018:1-8.

. Center for Behavioral Statistics and Quality, Substance Abuse and Mental

Health Services Administration. Results from the 2018 National Survey
on Drug Use and Health: Detailed Tables. 2019. Accessed June 1, 2020.
https://www.samhsa.gov/data/report/2018-nsduh-detailed-tables.

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

15.

. Berry KM, Fetterman JL, Benjamin EJ, Bhatnagar A, Barrington-Trimis JL,

Leventhal AM, Stokes A. Association of electronic cigarette use with sub-
sequent initiation of tobacco cigarettes in US youths. JAMA Netw Open.
2019;2:187794. doi: 10.1001/jamanetworkopen.2018.7794

. Substance Abuse and Mental Health Services Administration. Key sub-

stance use and mental health indicators in the United States: results
from the 2016 National Survey on Drug Use and Health. 2017. Accessed
May 6, 2020. https://www.samhsa.gov/data/sites/default/files/NSDUH-
FFR1-2016/NSDUH-FFR1-2016.pdf.

. Wang TW, Asman K, Gentzke AS, Cullen KA, Holder-Hayes E,

Reyes-Guzman C, Jamal A, Neff L, King BA. Tobacco product use among
adults: United States, 2017. MMWR Morb Mortal Wkly Rep. 2018;67:1225-
1232. doi: 10.15585/mmwr.mm6744a2

. US Department of Health and Human Services. The Health Consequences

of Smoking-50 Years of Progress: A Report of the Surgeon General. US
Department of Health and Human Services, Centers for Disease Control
and Prevention, National Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health; 2014.

Jamal A, King BA, Neff LJ, Whitmill J, Babb SD, Graffunder
CM. Current cigarette smoking among adults: United States, 2005-
2015. MMWR Morb Mortal Wkly Rep. 2016;65:1205-1211. doi:
10.15585/mmwr.mm6544a2

. AlRifai M, Merchant AT, Nambi V, Jia X, Gulati M, Valero-Elizondo J, Nasir K,

Ballantyne CM, Virani SS. Temporal trends in e-cigarette use among U.S.
adults: Behavioral Risk Factor Surveillance System, 2016 to 2018. Am J
Med. 2020;133:€508-e511. doi: 10.1016/j.amjmed.2019.12.020

. US Department of Health and Human Services. How Tobacco Smoke

Causes Disease: The Biology and Behavioral Basis for Smoking-Attributable
Disease: A Report of the Surgeon General. US Department of Health and
Human Services, Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health Promotion, Office on
Smoking and Health; 2010.

. Chang CM, Corey CG, Rostron BL, Apelberg BJ. Systematic review of cigar

smoking and all cause and smoking related mortality. BMC Public Health.
2015;15:390. doi: 10.1186/512889-015-1617-5

. Rasmussen LD, Helleberg M, May MT, Afzal S, Kronborg G, Larsen CS,

Pedersen C, Gerstoft J, Nordestgaard BG, Obel N. Myocardial infarction
among Danish HIV-infected individuals: population-attributable fractions

February 23,2021 e303

SANITIAINY ANY
SIN3FWILYLS TYOIN



https://www.heart.org/en/healthy-living/healthy-lifestyle/my-life-check–lifes-simple-7
https://www.heart.org/en/healthy-living/healthy-lifestyle/my-life-check–lifes-simple-7
https://chronicdata.cdc.gov/Policy/Electronic-Nicotine-Delivery-Systems-Key-Facts-Inf/nwhw-m4ki
https://chronicdata.cdc.gov/Policy/Electronic-Nicotine-Delivery-Systems-Key-Facts-Inf/nwhw-m4ki
https://www.cdc.gov/brfss/brfssprevalence/
https://www.samhsa.gov/data/report/2018-nsduh-detailed-tables
https://www.samhsa.gov/data/sites/default/files/NSDUH-FFR1-2016/NSDUH-FFR1-2016.pdf
https://www.samhsa.gov/data/sites/default/files/NSDUH-FFR1-2016/NSDUH-FFR1-2016.pdf

AND GUIDELINES

(2]
[
=
(1]
—
=
=
—
<t
=
—
—
(=]

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Virani et al

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

associated with smoking. Clin Infect Dis. 2015;60:1415-1423. doi:
10.1093/cid/civ013

Clark D 3rd, Cain LR, Blaha MJ, DefFilippis AP, Mentz RJ,
Kamimura D, White WB, Butler KR, Robertson RM, Bhatnagar A, et al.
Cigarette smoking and subclinical peripheral arterial disease in Blacks
of the Jackson Heart Study. J/ Am Heart Assoc. 2019;8:e010674. doi:
10.1161/JAHA.118.010674

Huxley RR, Woodward M. Cigarette smoking as a risk factor for coro-
nary heart disease in women compared with men: a systematic review
and meta-analysis of prospective cohort studies. Lancet. 2011;378:1297-
1305. doi: 10.1016/50140-6736(11)60781-2

Meschia JF, Bushnell C, Boden-Albala B, Braun LT, Bravata DM, Chaturvedi S,
Creager MA, Eckel RH, Elkind MS, Fornage M, et al; on behalf of the
American Heart Association Stroke Council; Council on Cardiovascular
and Stroke Nursing; Council on Clinical Cardiology; Council on Functional
Genomics and Translational Biology; Council on Hypertension. Guidelines
for the primary prevention of stroke: a statement for healthcare profes-
sionals from the American Heart Association/American Stroke Association.
Stroke. 2014,45:3754-3832. doi: 10.1161/STR.0000000000000046
Peters SA, Huxley RR, Woodward M. Smoking as a risk factor for stroke
in women compared with men: a systematic review and meta-analysis of
81 cohorts, including 3,980,359 individuals and 42,401 strokes. Stroke.
2013;44:2821-2828. doi: 10.1161/STROKEAHA.113.002342

Shah RS, Cole JW. Smoking and stroke: the more you smoke the
more you stroke. Expert Rev Cardiovasc Ther. 2010,;8:917-932. doi:
10.1586/erc.10.56

Aune D, Schlesinger S, Norat T, Riboli E. Tobacco smoking and the risk of
heart failure: a systematic review and meta-analysis of prospective studies.
Eur J Prev Cardiol. 2019;26:279-288. doi: 10.1177/2047487318806658
Watson M, Dardari Z, Kianoush S, Hall ME, DeFilippis AP, Keith RJ,
Benjamin EJ, Rodriguez CJ, Bhatnagar A, Lima JA, et al. Relation between
cigarette smoking and heart failure (from the Multiethnic Study of
Atherosclerosis). Am J Cardiol. 2019;123:1972-1977. doi: 10.1016/j.
amjcard.2019.03.015

Azar RR, Frangieh AH, Mroué J, Bassila L, Kasty M, Hage G, Kadri Z. Acute
effectsof waterpipesmokingonblood pressureandheartrate: areal-lifetrial.
Inhal Toxicol. 2016;28:339-342. doi: 10.3109/08958378.2016.1171934
Yatsuya H, Folsom AR; ARIC Investigators. Risk of incident cardiovascu-
lar disease among users of smokeless tobacco in the Atherosclerosis Risk
in Communities (ARIC) study. Am J Epidemiol. 2010;172:600-605. doi:
10.1093/aje/kwq191

Bhatnagar A, Whitsel LP, Ribisl KM, Bullen C, Chaloupka F, Piano MR,
Robertson RM, McAuley T, Goff D, Benowitz N; on behalf of the American
Heart Association Advocacy Coordinating Committee, Council on
Cardiovascular and Stroke Nursing, Council on Clinical Cardiology, and
Council on Quality of Care and Outcomes Research. Electronic cigarettes:
a policy statement from the American Heart Association. Circulation.
2014;130:1418-1436. doi: 10.1161/CIR.0000000000000107

Bhatnagar A. E-cigarettes and cardiovascular disease risk: evaluation of
evidence, policy implications, and recommendations. Curr Cardiovasc Risk
Rep. 2016;10:24.

Middlekauff HR. Cardiovascular impact of electronic-cigarette use. Trends
Cardiovasc Med. 2020;30:133-140. doi: 10.1016/j.tcm.2019.04.006
Alzahrani T, Pena I, Temesgen N, Glantz SA. Association between
electronic cigarette use and myocardial infarction. Am J Prev Med.
2018;55:455-461. doi: 10.1016/j.amepre.2018.05.004

Osei AD, Mirbolouk M, Orimoloye OA, Dzaye O, Uddin SMI, Benjamin EJ,
Hall ME, DefFilippis AP, Stokes A, Bhatnagar A, et al. Association between
e-cigarette use and cardiovascular disease among never and current
combustible-cigarette smokers. Am J Med. 2019;132:949-954.e2. doi:
10.1016/j.amjmed.2019.02.016

Brazel DM, lJiang Y, Hughey JM, Turcot V, Zhan X, Gong J, Batini C,
Weissenkampen JD, Liu M, Barnes DR, et al; CHD Exome+ Consortium;
Consortium for Genetics of Smoking Behaviour. Exome chip meta-analysis
fine maps causal variants and elucidates the genetic architecture of rare
coding variants in smoking and alcohol use. Biol Psychiatry. 2019;85:946—
955. doi: 10.1016/j.biopsych.2018.11.024

Erzurumluoglu AM, Liu M, Jackson VE, Barnes DR, Datta G,
Melbourne CA, Young R, Batini C, Surendran P, Jiang T, et al. Meta-
analysis of up to 622,409 individuals identifies 40 novel smoking behav-
jour associated genetic loci [published online January 7, 2019]. Mol
Psychiatry. doi:  10.1038/s41380-018-0313-0. https://spiral.imperial.
ac.uk/handle/10044/1/66414.

e304 February 23, 2021

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Heart Disease and Stroke Statistics—2021 Update: Chapter 3

Saleheen D, Zhao W, Young R, Nelson CP, Ho W, Ferguson JF, Rasheed A,
Ou K, Nurnberg ST, Bauer RC, et al. Loss of cardioprotective effects at
the ADAMTS7 locus as a result of gene-smoking interactions. Circulation.
2017;135:2336-2353. doi: 10.1161/CIRCULATIONAHA.116.022069

US Food and Drug Administration. Tobacco 21. Accessed April 20, 2020.
https://www.fda.gov/tobacco-products/retail-sales-tobacco-products/
tobacco-21.

Kessel Schneider S, Buka SL, Dash K, Winickoff JP. O'Donnell L.
Community reductions in youth smoking after raising the minimum
tobacco sales age to 21. Tob Control. 2016;25:355-359. doi: 10.1136/
tobaccocontrol-2014-052207

Friedman AS, Wu RJ. Do local Tobacco-21 laws reduce smoking among
18 to 20 year-olds? Nicotine Tob Res. 2020;22:1195-1201. doi:
10.1093/ntr/ntz123

Morain SR, Winickoff JP, Mello MM. Have Tobacco 21 laws come of age?
N Engl J Med. 2016;374:1601-1604. doi: 10.1056/NEJMp1603294
Municipal Tobacco Control Technical Assistance Program. States and
localities that have raised the minimum legal sale age for tobacco prod-
ucts to 21. Accessed June 1, 2020. https://www.tobaccofreekids.org/
assets/content/what_we_do/state_local_issues/sales_21/states_locali-
ties_MLSA_21.pdf.

US Department of Health and Human Services. Smoking Cessation: A
Report of the Surgeon General. US Department of Health and Human
Services, Centers for Disease Control and Prevention, National Center for
Chronic Disease Prevention and Health Promotion. Office on Smoking and
Health; 2020. Accessed June 5, 2020. https://www.hhs.gov/sites/default/
files/2020-cessation-sgr-full-report.pdf.

Walton K, Wang TW, Schauer GL, Hu S, McGruder HF, Jamal A, Babb S.
State-specific prevalence of quit attempts among adult cigarette smokers—
United States, 2011-2017. MMWR Morb Mortal Wkly Rep. 2019;68:621—
626. doi: 10.15585/mmwr.mm6828a1

Babb S, Malarcher A, Schauer G, Asman K, Jamal A. Quitting smoking
among adults—United States, 2000-2015. MMWR Morb Mortal Wkly Rep.
2017;65:1457-1464. doi: 10.15585/mmwr.mm6552a1

Sardana M, Tang Y, Magnani JW, Ockene IS, Allison JJ, Arnold SV,
Jones PG, Maddox TM, Virani SS, McManus DD. Provider-level variation
in smoking cessation assistance provided in the cardiology clinics: insights
from the NCDR PINNACLE Registry. / Am Heart Assoc. 2019;8:e011412.
doi: 10.1161/JAHA.118.011307

Tibuakuu M, Okunrintemi V, Jirru E, Echouffo Tcheugui JB, Orimoloye OA,
Mehta PK, DefFilippis AP, Blaha MJ, Michos ED. National trends in cessa-
tion counseling, prescription medication use, and associated costs among
US adult cigarette smokers. JAMA Netw Open. 2019;2:e194585. doi:
10.1001/jamanetworkopen.2019.4585

Jha P, Ramasundarahettige C, Landsman V, Rostron B, Thun M,
Anderson RN, McAfee T, Peto R. 21st-Century hazards of smoking and
benefits of cessation in the United States. N Engl J Med. 2013;368:341—
350. doi: 10.1056/NEJMsa1211128

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M,
Budaj A, Pais P, Varigos J, et al; INTERHEART Study Investigators. Effect
of potentially modifiable risk factors associated with myocardial infarc-
tion in 52 countries (the INTERHEART study): case-control study. Lancet.
2004;364:937-952. doi: 10.1016/50140-6736(04)17018-9

van den Berg MJ, van der Graaf Y, Deckers JW, de Kanter W, Algra A,
Kappelle LJ, de Borst GJ, Cramer MM, Visseren FLJ; SMART Study Group.
Smoking cessation and risk of recurrent cardiovascular events and
mortality after a first manifestation of arterial disease. Am Heart J.
2019;213:112-122. doi: 10.1016/j.ahj.2019.03.019

Duncan MS, Freiberg MS, Greevy RA Jr, Kundu S, Vasan RS, Tindle HA.
Association of smoking cessation with subsequent risk of cardiovascular
disease. JAMA. 2019;322:642-650. doi: 10.1001/jama.2019.10298
Clinical Practice Guideline Treating Tobacco Use and Dependence
2008 Update Panel, Liaisons and Staff. A clinical practice guide-
line for treating tobacco use and dependence: 2008 update: a U.S.
Public Health Service report. Am J Prev Med. 2008;35:158-176. doi:
10.1016/j.amepre.2008.04.009

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD,
Hahn EJ, Himmelfarb CD, Khera A, Lloyd-Jones D, McEvoy JW, et al. 2019
ACC/AHA guideline on the primary prevention of cardiovascular disease: a
report of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines [published corrections appear
in Circulation. 2019;140:e649-e650, Circulation. 2020;141:€60, and
Circulation. 2020;141:e774]. Circulation. 2019;140:e596-e646. doi:
10.1161/CIR.0000000000000678

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950


https://spiral.imperial.ac.uk/handle/10044/1/66414
https://spiral.imperial.ac.uk/handle/10044/1/66414
https://www.fda.gov/tobacco-products/retail-sales-tobacco-products/tobacco-21
https://www.fda.gov/tobacco-products/retail-sales-tobacco-products/tobacco-21
https://www.tobaccofreekids.org/assets/content/what_we_do/state_local_issues/sales_21/states_localities_MLSA_21.pdf
https://www.tobaccofreekids.org/assets/content/what_we_do/state_local_issues/sales_21/states_localities_MLSA_21.pdf
https://www.tobaccofreekids.org/assets/content/what_we_do/state_local_issues/sales_21/states_localities_MLSA_21.pdf
https://www.hhs.gov/sites/default/files/2020-cessation-sgr-full-report.pdf
https://www.hhs.gov/sites/default/files/2020-cessation-sgr-full-report.pdf

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Virani et al

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Eisenberg MJ, Windle SB, Roy N, Old W, Grondin FR, Bata |,
Iskander A, Lauzon C, Srivastava N, Clarke A, et al; EVITA Investigators.
Varenicline for smoking cessation in hospitalized patients with acute
coronary syndrome. Circulation. 2016;133:21-30. doi: 10.1161/
CIRCULATIONAHA.115.019634

Anthenelli RM, Benowitz NL, West R, St Aubin L, McRae T, Lawrence D,
Ascher J, Russ C, Krishen A, Evins AE. Neuropsychiatric safety and effi-
cacy of varenicline, bupropion, and nicotine patch in smokers with and
without psychiatric disorders (EAGLES): a double-blind, randomised,
placebo-controlled clinical trial. Lancet. 2016;387:2507-2520. doi:
10.1016/50140-6736(16)30272-0

Schnoll RA, Goelz PM, Veluz-Wilkins A, Blazekovic S, Powers L, Leone FT,
Gariti P, Wileyto EP, Hitsman B. Long-term nicotine replacement therapy:
a randomized clinical trial. JAMA Intern Med. 2015;175:504-511. doi:
10.1001/jamainternmed.2014.8313

Halpern SD, French B, Small DS, Saulsgiver K, Harhay MO, Audrain-
McGovern J, Loewenstein G, Brennan TA, Asch DA, Volpp KG. Randomized
trial of four financial-incentive programs for smoking cessation. N Engl J
Med. 2015;372:2108-2117. doi: 10.1056/NEJMoa1414293

Centers for Disease Control and Prevention. Quitting smoking among
adults-United States, 2001-2010. MMWR Morb Mortal Wkly Rep.
2011,60:1513-1519.

Xu X, Alexander RL Jr, Simpson SA, Goates S, Nonnemaker JM,
Davis KC, McAfee T. A cost-effectiveness analysis of the first federally
funded antismoking campaign. Am J Prev Med. 2015;48:318-325. doi:
10.1016/j.amepre.2014.10.011

Antman E, Arnett D, Jessup M, Sherwin C. The 50th anniversary of the
US Surgeon General’s report on tobacco: what we've accomplished
and where we go from here. J/ Am Heart Assoc. 2014;3:e000740. doi:
10.1161/JAHA.113.000740

Hajek P, Phillips-Waller A, Przulj D, Pesola F, Myers Smith K, Bisal N, Li J,
Parrott S, Sasieni P, Dawkins L, et al. A Randomized trial of e-cigarettes
versus nicotine-replacement therapy. N Engl J Med. 2019;380:629-637.
doi: 10.1056/NEJM0a1808779

Berry KM, Reynolds LM, Collins JM, Siegel MB, Fetterman JL, Hamburg NM,
Bhatnagar A, Benjamin EJ, Stokes A. E-cigarette initiation and associated
changes in smoking cessation and reduction: the Population Assessment
of Tobacco and Health Study, 2013-2015. Tob Control. 2019;28:42-49.
doi: 10.1136/tobaccocontrol-2017-054108

US Burden of Disease Collaborators, Mokdad AH, Ballestros K, Echko M,
Glenn S, Olsen HE, Mullany E, Lee A, Khan AR, Ahmadi A, Ferrari AJ, et al.
The state of US health, 1990-2016: burden of diseases, injuries, and risk
factors among US states. JAMA. 2018;319:1444-1472.

Centers for Disease Control and Prevention, National Center for Health
Statistics. National Health Interview Survey: public-use data files and
documentation. Accessed April 1, 2020. https://www.cdc.gov/nchs/nhis/
index.htm.

Mons U, Muezzinler A, Gellert C, Schottker B, Abnet CC, Bobak M,
de Groot L, Freedman ND, Jansen E, Kee F, et al; CHANCES Consortium.
Impact of smoking and smoking cessation on cardiovascular events and
mortality among older adults: meta-analysis of individual participant
data from prospective cohort studies of the CHANCES consortium. BMJ.
2015;350:h1551. doi: 10.1136/bmj.h1551

Zhang M, An Q, Yeh F Zhang Y, Howard BV, Lee €ET,
Zhao J. Smoking-attributable mortality in American Indians: findings
from the Strong Heart Study. Eur J Epidemiol. 2015;30:553-561. doi:
10.1007/510654-015-0031-8

Holford TR, Meza R, Warner KE, Meernik C, Jeon J, Moolgavkar SH,
Levy DT. Tobacco control and the reduction in smoking-related premature
deaths in the United States, 1964-2012. JAMA. 2014;311:164-171. doi:
10.1001/jama.2013.285112

Bhatnagar A, Whitsel LP, Blaha MJ, Huffman MD, Krishan-Sarin S, Maa J,
Rigotti N, Robertson RM, Warner JJ. New and emerging tobacco prod-
ucts and the nicotine endgame: the role of robust regulation and com-
prehensive tobacco control and prevention: a presidential advisory from
the American Heart Association. Circulation. 2019;139:e937-e958. doi:
10.1161/CIR.0000000000000669

Mirbolouk M, Charkhchi P, Orimoloye OA, Uddin SMI, Kianoush S,
Jaber R, Bhatnagar A, Benjamin EJ, Hall ME, DeFilippis AP, et al. E-cigarette
use without a history of combustible cigarette smoking among U.S.
adults: Behavioral Risk Factor Surveillance System, 2016. Ann Intern Med.
2019;170:76-79. doi: 10.7326/M18-1826

Arrazola RA, Singh T, Corey CG, Husten CG, Neff LJ, Apelberg BJ,
Bunnell RE, Choiniere CJ, King BA, Cox S, et al; Centers for Disease
Control and Prevention (CDC). Tobacco use among middle and high

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Heart Disease and Stroke Statistics—2021 Update: Chapter 3

school students—United States, 2011-2014. MMWR Morb Mortal Wkly
Rep. 2015,64:381-385.

Marynak K, Gentzke A, Wang TW, Neff L, King BA. Exposure to electronic
cigarette advertising among middle and high school students-United
States, 2014-2016. MMWR Morb Mortal Wkly Rep. 2018;67:294-299.
doi: 10.15585/mmwr.mm6710a3

Zhu SH, Sun JY, Bonnevie E, Cummins SE, Gamst A, Yin L, Lee M. Four
hundred and sixty brands of e-cigarettes and counting: implications
for product regulation. Tob Control. 2014;23(suppl 3):iii3-iii9. doi:
10.1136/tobaccocontrol-2014-051670

Mirbolouk M, Charkhchi P, Kianoush S, Uddin SMI, Orimoloye OA, Jaber R,
Bhatnagar A, Benjamin EJ, Hall ME, DeFilippis AP, et al. Prevalence and
distribution of e-cigarette use among U.S. adults: Behavioral Risk Factor
Surveillance System, 2016. Ann Intern Med. 2018;169:429-438. doi:
10.7326/M17-3440

Keith RJ, Fetterman JL, Orimoloye OA, Dardari Z, Lorkiewicz PK,
Hamburg NM, DeFilippis AP, Blaha MJ, Bhatnagar A. Characterization of
volatile organic compound metabolites in cigarette smokers, electronic
nicotine device users, dual users, and nonusers of tobacco. Nicotine Tob
Res. 2020;22:264-272. doi: 10.1093/ntr/ntz021

Eaton DL, Kwan LY, Stratton K, eds. Public Health Consequences of
E-Cigarettes. Washington, DC: National Academies Press; 2018.
Lorkiewicz P, Riggs DW, Keith RJ, Conklin DJ, Xie Z, Sutaria S, Lynch B,
Srivastava S, Bhatnagar A. Comparison of urinary biomarkers of expo-
sure in humans using electronic cigarettes, combustible cigarettes,
and smokeless tobacco. Nicotine Tob Res. 2019;21:1228-1238. doi:
10.1093/ntr/nty089

Shahab L, Goniewicz ML, Blount BC, Brown J, McNeill A, Alwis KU, Feng J,
Wang L, West R. Nicotine, carcinogen, and toxin exposure in long-term
e-cigarette and nicotine replacement therapy users: a cross-sectional
study. Ann Intern Med. 2017;166:390-400. doi: 10.7326/M16-1107

Al Rifai M, Mirbolouk M, Obisesan OH, Jia X, Nasir K, Merchant AT, Blaha
M, Virani S. The association of electronic cigarette use and the subjective
domains of physical and mental health: the Behavioral Risk Factor Surveillance
System Survey. Cureus. 2020;12:€7088. doi: 10.7759/cureus.7088
Obisesan OH, Mirbolouk M, Osei AD, Orimoloye OA, Uddin SMI, Dzaye O,
El Shahawy O, AlRifai M, Bhatnagar A, Stokes A, et al. Association between
e-cigarette use and depression in the Behavioral Risk Factor Surveillance
System, 2016-2017. JAMA Netw Open. 2019;2:¢1916800. doi:
10.1001/jamanetworkopen.2019.16800

Osei AD, Mirbolouk M, Orimoloye OA, Dzaye O, Uddin SMI, Dardari ZA,
DeFilippis AP, Bhatnagar A, Blaha MJ. The association between e-cigarette
use and asthma among never combustible cigarette smokers: Behavioral
Risk Factor Surveillance System (BRFSS) 2016 & 2017. BMC Pulm Med.
2019;19:180. doi: 10.1186/512890-019-0950-3

Osei AD, Mirbolouk M, Orimoloye OA, Dzaye O, Uddin SMI, Benjamin EJ,
Hall ME, DeFilippis AP, Bhatnagar A, Biswal SS, et al. Association between
e-cigarette use and chronic obstructive pulmonary disease by smoking sta-
tus: Behavioral Risk Factor Surveillance System 2016 and 2017. Am J Prev
Med. 2020;58:336-342. doi: 10.1016/j.amepre.2019.10.014

Centers for Disease Control and Prevention, Office on Smoking and Health,
National Center for Chronic Disease Prevention and Health Promotion.
Outbreak of lung injury associated with the use of e-cigarette, or vap-
ing, products. Accessed June 5, 2020. https:/Awww.cdc.gov/tobacco/
basic_information/e-cigarettes/severe-lung-disease.html#overview.
Department of Health and Human Services, Food and Drug
Administration. Deeming tobacco products to be subject to the Federal
Food, Drug, and Cosmetic Act, as amended by the Family Smoking
Prevention and Tobacco Control Act; restrictions on the sale and distribu-
tion of tobacco products and required warning statements for tobacco
products. Accessed April 27, 2020. https://www.federalregister.gov/
documents/2016/05/10/2016-10685/deeming-tobacco-products-to-be-
subject-to-the-federal-food-drug-and-cosmetic-act-as-amended-by-the.
US Food and Drug Administration. FDA finalizes enforcement policy on
unauthorized flavored cartridge-based e-cigarettes that appeal to chil-
dren, including fruit and mint. Accessed April 20, 2020. https://www.fda.
gov/news-events/press-announcements/fda-finalizes-enforcement-policy-
unauthorized-flavored-cartridge-based-e-cigarettes-appeal-children.

Lin MP, Ovbiagele B, Markovic D, Towfighi A. Association of second-
hand smoke with stroke outcomes. Stroke. 2016;47:2828-2835. doi:
10.1161/STROKEAHA.116.014099

Lv X, Sun J, Bi Y, Xu M, Lu J, Zhao L, Xu Y. Risk of all-cause mortality
and cardiovascular disease associated with secondhand smoke exposure:
a systematic review and meta-analysis. Int J Cardiol. 2015;199:106-115.
doi: 10.1016/j.ijcard.2015.07.011

February 23,2021 e305

==
S8
oD
S w
o=
=E
Cm
—

m o
«»=
=
(7]



https://www.cdc.gov/nchs/nhis/index.htm
https://www.cdc.gov/nchs/nhis/index.htm
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html#overview
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html#overview
https://www.federalregister.gov/documents/2016/05/10/2016-10685/deeming-tobacco-products-to-be-subject-to-the-federal-food-drug-and-cosmetic-act-as-amended-by-the
https://www.federalregister.gov/documents/2016/05/10/2016-10685/deeming-tobacco-products-to-be-subject-to-the-federal-food-drug-and-cosmetic-act-as-amended-by-the
https://www.federalregister.gov/documents/2016/05/10/2016-10685/deeming-tobacco-products-to-be-subject-to-the-federal-food-drug-and-cosmetic-act-as-amended-by-the
https://www.fda.gov/news-events/press-announcements/fda-finalizes-enforcement-policy-unauthorized-flavored-cartridge-based-e-cigarettes-appeal-children
https://www.fda.gov/news-events/press-announcements/fda-finalizes-enforcement-policy-unauthorized-flavored-cartridge-based-e-cigarettes-appeal-children
https://www.fda.gov/news-events/press-announcements/fda-finalizes-enforcement-policy-unauthorized-flavored-cartridge-based-e-cigarettes-appeal-children

AND GUIDELINES

(2]
[
=
(1]
—
=
=
—
<t
=
—
—
(=]

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Virani et al

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Cui H, Gong TT, Liu CX, Wu QJ. Associations between passive maternal
smoking during pregnancy and preterm birth: evidence from a meta-
analysis of observational studies. PLoS One. 2016;11:e0147848. doi:
10.1371/journal.pone.0147848

Groh CA, Vittinghoff E, Benjamin EJ, Dupuis J, Marcus GM. childhood
tobacco smoke exposure and risk of atrial fibrillation in adulthood. J Am
Coll Cardiol. 2019;74:1658-1664. doi: 10.1016/j.jacc.2019.07.060
Centers for Disease Control and Prevention State Tobacco Activities
Tracking and Evaluation (STATE) System. Smokefree indoor air laws,
including e-cigarette. Accessed April 20, 2020. https://www.cdc.gov/
statesystem/factsheets/ECigarette/EcigSFIA.html.

Mackay DF, Irfan MO, Haw S, Pell JP. Meta-analysis of the effect of
comprehensive smoke-free legislation on acute coronary events. Heart.
2010;96:1525-1530. doi: 10.1136/hrt.2010.199026

Centers for Disease Control and Prevention. Vital signs: disparities in
nonsmokers’ exposure to secondhand smoke-United States, 1999-2012.
MMWR Morb Mortal Wkly Rep. 2015;64:103-108.

Xu X, Bishop EE, Kennedy SM, Simpson SA, Pechacek TF. Annual health-
care spending attributable to cigarette smoking: an update. Am J Prev
Med. 2015;48:326-333. doi: 10.1016/j.amepre.2014.10.012

Centers for Disease Control and Prevention, Office on Smoking and
Health, National Center for Chronic Disease Prevention and Health
Promotion. Smoking and tobacco use fast facts. Accessed June 1, 2020.
https:/Awww.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.
htm#costs.

Federal Trade Commission. Federal Trade Commission cigarette report
for 2018. 2019. Accessed June 1, 2020. https://www.ftc.gov/system/
files/”documents/reports/federal-trade-commission-cigarette-report-
2018-smokeless-tobacco-report-2018/p114508cigarettereport2018.
pdf.

Centers for Disease Control and Prevention. The tax burden on tobacco,
1970-2018. Accessed April 27, 2020. https://chronicdata.cdc.gov/Policy/
The-Tax-Burden-on-Tobacco-1970-2018/7nwe-3aj9/data.

Dieleman JL, Cao J, Chapin A, Chen C, Li Z, Liu A, Horst C, Kaldjian A,
Matyasz T, Scott KW, et al. US health care spending by payer and health
condition, 1996-2016. JAMA. 2020;323:863-884. doi: 10.1001/
jama.2020.0734

e306 February 23,2021

96.

97.

98.

99.

100.

102.

103.

104.

105.

Heart Disease and Stroke Statistics—2021 Update: Chapter 3

GBD Risk Factor Collaborators. Global, regional, and national comparative
risk assessment of 84 behavioural, environmental and occupational, and
metabolic risks or clusters of risks for 195 countries and territories, 1990-
2017: a systematic analysis for the Global Burden of Disease Study 2017.
Lancet. 2018;392:1923-1994. doi: 10.1016/S0140-6736(18)32225-6
GBD 2015 Tobacco Collaborators. Smoking prevalence and attributable
disease burden in 195 countries and territories, 1990-2015: a system-
atic analysis from the Global Burden of Disease Study 2015. Lancet.
2017;389:1885-1906. doi: 10.1016/50140-6736(17)30819-X

WHO Media Centre. Tobacco fact sheet. 2018. Accessed April 13, 2020.
http://www.who.int/mediacentre/factsheets/fs339/en/.

GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in
204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet. 2020;396:1223-1249.
Goodchild M, Nargis N, Tursan d’Espaignet E. Global economic cost
of smoking-attributable diseases. Tob Control. 2018;27:58-64. doi:
10.1136/tobaccocontrol-2016-053305

. World Health Organization. About the WHO Framework Convention

on Tobacco Control. Accessed April 27, 2020. http://Awww.who.int/fctc/
about/en/index.html.

World Health Organization. WHO Report on the Global Tobacco
Epidemic, 2079. 2019. Accessed June 1, 2020. https://www.who.int/
tobacco/global_report/en//.

Ahluwalia 1B, Smith T, Arrazola RA, Palipudi KM, Garcia de Quevedo |,
Prasad VM, Commar A, Schotte K, Garwood PD, Armour BS. Current
tobacco smoking, quit attempts, and knowledge about smoking risks
among persons aged >15 years-Global Adult Tobacco Survey, 28
Countries, 2008-2016. MMWR Morb Mortal Wkly Rep. 2018;67:1072—
1076. doi: 10.15585/mmwr.mm6738a7

Center for Behavioral Health Statistics and Quality Substance Abuse and
Mental Health Services Administration. Key Substance Use and Mental Health
Indicators in the United States: Results From the 2018 National Survey on Drug
Use and Health. 2019 (HHS Publication No. PEP19-5068, NSDUH Series H-54).
Rockville, MD. Accessed June 1, 2020. https:/Aww.samhsa.gov/data/.
Global Burden of Disease Study, Institute for Health Metrics and
Evaluation. University of Washington. Accessed August 1, 2020. http:/
ghdx.healthdata.org/.

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950


https://www.cdc.gov/statesystem/factsheets/ECigarette/EcigSFIA.html
https://www.cdc.gov/statesystem/factsheets/ECigarette/EcigSFIA.html
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.htm#costs
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.htm#costs
https://www.ftc.gov/system/files/documents/reports/federal-trade-commission-cigarette-report-2018-smokeless-tobacco-report-2018/p114508cigarettereport2018.pdf
https://www.ftc.gov/system/files/documents/reports/federal-trade-commission-cigarette-report-2018-smokeless-tobacco-report-2018/p114508cigarettereport2018.pdf
https://www.ftc.gov/system/files/documents/reports/federal-trade-commission-cigarette-report-2018-smokeless-tobacco-report-2018/p114508cigarettereport2018.pdf
https://www.ftc.gov/system/files/documents/reports/federal-trade-commission-cigarette-report-2018-smokeless-tobacco-report-2018/p114508cigarettereport2018.pdf
https://chronicdata.cdc.gov/Policy/The-Tax-Burden-on-Tobacco-1970-2018/7nwe-3aj9/data
https://chronicdata.cdc.gov/Policy/The-Tax-Burden-on-Tobacco-1970-2018/7nwe-3aj9/data
http://www.who.int/mediacentre/factsheets/fs339/en/
http://www.who.int/fctc/about/en/index.html
http://www.who.int/fctc/about/en/index.html
http://ghdx.healthdata.org/
http://ghdx.healthdata.org/

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Virani et al

4. PHYSICAL INACTIVITY
See Charts 4-1 through 4-13

Click here to return to the Table of Contents

Physical inactivity is defined as an insufficient level to
meet the current PA recommendations.” Physical inac-
tivity is a major risk factor for incident CVD (eg, CHD,
stroke, PAD, HF).2 Achieving the guideline recommen-
dations for PA is one of the AHA's 7 components of
ideal CVH for both children and adults.?

Abbreviations Used in Chapter 4

AHA American Heart Association

AMI acute myocardial infarction

app application

ARIC Atherosclerosis Risk in Communities study
BMI body mass index

BP blood pressure

CAD coronary artery disease

CHD coronary heart disease

cl confidence interval

CPS-lI Cancer Prevention Study Il

CVvD cardiovascular disease

CVH cardiovascular health

DBP diastolic blood pressure

ED emergency department

FPG fasting plasma glucose

GBD Global Burden of Disease Study

HBP high blood pressure

HDL-C high-density lipoprotein cholesterol

HF heart failure

HFpEF heart failure with preserved ejection fraction
HFrEF heart failure with reduced ejection fraction
HR hazard ratio

ICER incremental cost-effectiveness ratio

LDL-C low-density lipoprotein cholesterol

LIFE Lifestyle Interventions and Independence for Elders

(Continued)

The 2021 American Heart Association (AHA) Statistical Update uses
updated language surrounding race and ethnicity to honor the people
belonging to each group. Instead of referring to a specific group with
only the name of their race or ethnicity, we have identified each race or
ethnic classification with terms such as “Asian people,” “Black adults,”
"Hispanic youth,” “White females,” or similar terms.

As the AHA continues its focus on health equity to address structural
racism, we are working actively to reconcile language used in previously
published data sources and studies as we compile this information in
the annual Statistical Update. We strive to use the racial and ethnic
terms from the original data sources or published studies (mostly from
the past 5 years), which may not be as inclusive as the terms now used
in 2021. As style guidelines for scientific writing evolve, they will serve
as guidance for data sources and publications and how they are cited in
future Statistical Update publications.
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Abbreviations Used in Chapter 4 Continued

MET metabolic equivalent

MetS metabolic syndrome

Ml myocardial infarction

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NIH-AARP National Institutes of Health-American Association of
Retired Persons

OR odds ratio

PA physical activity

PAD peripheral artery disease

PAF population attributable fraction

QALY quality-adjusted life-year

RCT randomized controlled trial

RR relative risk

SBP systolic blood pressure

SE standard error

SES socioeconomic status

WC waist circumference

WHI Women'’s Health Initiative

WHO World Health Organization

WHS Women'’s Health Study

YRBSS Youth Risk Behavior Surveillance System

The 2018 Physical Activity Guidelines for Americans
recommend that children and adolescents accumulate
at least 60 minutes of PA daily (including aerobic and
muscle- and bone-strengthening activity).* In 2017,
on the basis of survey interviews,> only 26.1% of high
school students reported achieving at least 60 minutes
of daily PA, which is likely an overestimation of those
actually meeting the guidelines.®

The 2018 Physical Activity Guidelines for
Americans* and the 2019 CVD Primary Prevention
Clinical Practice Guidelines” recommend that adults
accumulate at least 150 min/wk of moderate-
intensity or 75 min/wk of vigorous-intensity aerobic
activity (or an equivalent combination) and perform
muscle-strengthening activities at least 2 d/wk. For
many people, examples of moderate-intensity activi-
ties include walking briskly or raking the yard, and
examples of vigorous-intensity activities include jog-
ging, carrying loads upstairs, or shoveling snow. In a
nationally representative sample of adults in 2018,
only 24.0% reported participating in adequate lei-
sure-time aerobic and muscle-strengthening activity
to meet these criteria (Chart 4-1).8

Being physically active is an important aspect of
overall health. Meeting recommendations for PA not
only reduces premature mortality but also improves risk
factors for CVD (such as HBP, diabetes, and obesity)
and reduces the likelihood of diseases related to CVD,
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including CHD, HF, stroke, and aging-related diseases
such as dementia.”*"" Benefits from PA are observed
across the life span, including for children and older
adults, pregnant females, and people with disabilities
and chronic conditions. Therefore, the 2018 Physical
Activity Guidelines for Americans recommend being as
physically active as abilities and conditions allow and
that some PA is better than none.* Even small increases
in moderate-intensity PA or replacing sedentary behav-
ior (defined as “any waking behavior characterized by
an energy expenditure <1.5 METs while in a sitting,
reclining, or lying posture”’) with light-intensity PA
could provide health benefits.*?

Defining and Measuring PA

There are several PA dimensions (eg, mode or type, fre-
guency, duration, and intensity) and PA domains (eg,
occupational, domestic, transportation, and leisure
time). There are additional considerations of where PA
occurs such as in homes, worksites, schools, and com-
munities. The federal guidelines specify the suggested
frequency, duration, and intensity of PA and focus on 2
types: aerobic and strengthening.

There are 2 broad categories of methods to assess
PA: (1) self-reported methods that use questionnaires
and diaries/logs and (2) device-based methods that use
wearables (eg, pedometers, accelerometers). Studies
that compare the findings between methods show that
there is marked discordance between self-reported and
measured PA, with respondents often overstating their
PA compared with device-based measures.®

Another consideration in the measurement of PA is
that surveys often ask only about leisure-time PA, which
represents PA obtained from a single domain. People
who obtain high PA in other domains might be less
likely to engage in leisure-time PA. For example, peo-
ple who spend considerable time and physical effort
in occupational, domestic, or transportation activities/
domains might be less likely to be identified as meet-
ing the guidelines when assessments focused only on
leisure-time PA are used.'

PA and cardiorespiratory fitness provide distinct
metrics in assessment of CVD risk.'* Poor cardiorespi-
ratory (or aerobic) fitness might be a stronger predictor
of adverse cardiovascular outcomes than traditional
risk factors.’ Although many studies have shown
that increasing the amount and quality of PA can
improve cardiorespiratory fitness, other factors such
as a genetic predisposition to perform aerobic exercise
can contribute.’™ Because cardiorespiratory fitness is
directly measured and reflects both participation in PA
and the state of physiological systems affecting per-
formance, the relationship between cardiorespiratory
fitness and clinical outcomes is often stronger than
the relationship of PA to clinical outcomes." The WHO
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created an action plan to improve cardiorespiratory fit-
ness globally with a goal to reduce the prevalence of
insufficient PA by 15% by 2030.®

Prevalence
Youth
(See Charts 4-2 through 4-5)

¢ On the basis of self-reported PA (YRBSS, 2017)>:

— The prevalence of high school students who
met aerobic activity recommendations of >60
minutes of PA on all 7 days of the week was
26.1% nationwide and was lower with each
successive grade (from 9th [30.6%] to 12th
[22.9%] grades). At each grade level, the prev-
alence was higher in boys than in girls.

— The prevalence of high school students who
met PA recommendations on all 7 d/wk or on
at least 5 of 7 d/wk was higher among boys
than girls overall and stratified by race/ethnicity
(Chart 4-2).

— Among high school students, 15.4%
reported that they did not participate in =60
minutes of any kind of PA on any 1 of the
previous 7 days. Girls were more likely than
boys to report not meeting recommenda-
tions on any day (19.5% versus 11.0%), with
NH Black girls reporting the highest preva-
lence of inactivity (26.6%; Chart 4-3).

— Among high school students, 28.5% of het-
erosexual students, 14.7% of gay, lesbian, and
bisexual students, and 19.0% of students not
sure about their sexual identity reported being
physically active for at least 60 min/d on all 7
days. The difference between prevalence of
being physically active in heterosexual versus
gay, lesbian, and bisexual students was larger
among male students than among female stu-
dents (Chart 4-4).

e With the use of accelerometry (NHANES, 2003-
2006),"” youth 6 to 19 years of age had a median
of 53 min/d of moderate to vigorous PA.

— These levels of moderate to vigorous PA in
youth were lower in girls and lower with
greater age, with median values ranging
from 82 to 138 min/d in boys 6 to 9 years of
age and 64 to 111 min/d in girls 6 to 9 years
of age, 39 to 67 min/d in boys 10 to 13 years
of age and 20 to 49 min/d in girls 10 to 13
years of age, and 29 to 33 min/d in boys 14
to 17 years of age and 14 to 16 min/d in girls
14 to 17 years of age.

¢ With regard to measured cardiorespiratory fitness
(NHANES, 2012):

— For adolescents 12 to 15 years of age, boys
in all age groups were more likely to have

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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adequate levels of cardiorespiratory fitness
than girls (Chart 4-5).

e With regard to self-reported muscle-strengthening

activities (YRBSS, 2017)°:

— The proportion of high school students who
participated in muscle-strengthening activi-
ties on =3 d/wk was 51.1% nationwide and
was lower with successively higher grades (9th
grade: males, 66.4%, females, 49.3%; 12th
grade: males, 56.6%, females, 36.1%).

— More high school boys (62.1%) than girls
(40.8%) reported having participated in mus-
cle-strengthening activities on =3 d/wk.

Structured Activity Participation in Schools and Sports
e Only 29.9% of students attended physical edu-

cation classes in school daily (34.7% of boys and
25.3% of girls; YRBSS, 2017).°
Daily physical education class participation was

Heart Disease and Stroke Statistics—2021 Update: Chapter 4

indicated that tweens (8-12 years of age) use
entertainment media (eg, television, video games,
internet, music, social media) on average 5 hours
55 minutes per day whereas teenagers (13-18
years of age) average 8 hours 56 minutes per day
outside of school or homework.?' Total screen time
is higher for teenagers (6 hours 40 minutes) than
for tweens (4 hours 36 minutes).?’

A nationally representative survey conducted in
2017 of 1454 parents of US children <8 years of age
indicated that on average children spend 2 hours
19 minutes per day on screen media.?? Children <2
years of age spend on average 42 min/d on screen
media.?? Despite recommendations by the American
Academy of Pediatrics?® to refrain from media use
1 hour before bedtime, 49% of children <8 years
of age watched television or videos or played video
games in the hour before bedtime.?
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grade (45.5% for boys, 39.2% for girls) through (See Charts 4-7 through 4-13)
the 12th grade (26.5% for boys, 15.9% for girls; e For self-reported leisure-time aerobic PA (NHIS,
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YRBSS, 2017).5

Just over half (54.3%) of high school students
played on at least 1 school or community sports
team in the previous year: 49.3% of girls and
59.7% of boys (YRBSS, 2017).5

Data from the 2017 SummerStyles survey dem-
onstrated that only 16.5% of parents (n=1137)
reported that their child walked to school and
reported safety concerns and living too far away as
barriers limiting commuting as a means of engag-
ing in an active lifestyle.’

Television/Video/Computers
(See Chart 4-6)
¢ Research suggests that screen time (watching tele-

vision or using a computer) can lead to less PA
among children.? In addition, television viewing
time is associated with poor nutritional choices,
overeating, and weight gain (Chapter 5, Nutrition).
— Nationwide, 43.0% of high school students
used a computer, tablet, or smartphone for
activities other than school work (eg, video
games, texting, YouTube, or social media) for >3
h/d on an average school day (YRBSS, 2017).5
—Among high school students, the prevalence of
watching television >3 h/d was highest among
NH Black boys (37.8%) and girls (32.8%,), fol-
lowed by Hispanic boys (21.9%) and girls
(19.5%) and NH White girls (18.4%) and boys
(16.9%) (YRBSS, 2017).5 The prevalence of play-
ing video games or using a computer >3 h/d
(for activities other than schoolwork) was higher
among boys and girls (Chart 4-6) (YRBSS, 2017).>
A nationally representative survey conducted in
2015 of 2658 US children 8 to 18 years of age

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

2018)824:

— The age-adjusted proportion who reported
meeting the 2018 aerobic PA guidelines for
Americans (=150 minutes of moderate PA,
>75 minutes of vigorous PA, or an equivalent
combination each week) through leisure-time
activities is shown in Chart 4-7. Among both
males and females, NH White adults were
more likely to meet the PA aerobic guidelines
with leisure-time activity than NH Black and
Hispanic adults. For each racial/ethnic group,
males had higher PA than females.?

e Adults with disabilities were less likely to meet the

federal aerobic PA guidelines through leisure-time
activities than those without disabilities (Chart
4-11).8 This pattern was similar for meeting recom-
mendations for both aerobic and strengthening.
In 2018, 25.4% of adults did not engage in lei-
sure-time PA (no sessions of leisure-time PA of >10
minutes in duration; Chart 4-12).2
From accelerometer-assessed PA (NHANES, 2005-
2006),%° US adults were estimated to participate
in 45.1 min/wk (SE, 4.6 min/wk) of moderate PA
and 18.6 min/wk (SE, 6.6 min/wk) of vigorous PA.
Levels of moderate and vigorous PA were lower in
older adults (60-69 years of age; moderate, 32.7
min/wk [SE, 3.6 min/wk]; vigorous, 1.4 min/wk [SE,
0.7 min/wk]) compared with adults in younger age
groups (eg, 40-49 years of age; moderate, 54.1
min/wk [SE, 12.8 min/wk]; vigorous, 24.9 min/wk
[SE, 16.6 min/wk]).
— Accelerometer data (2003-2006) also revealed
that rural US adults performed less moderate
to vigorous PA than urban adults, but rural
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adults spent more time in lighter-intensity PA
(accelerometer counts per minute, 760-2020)
than their urban adult counterparts.?’

— In contrast to self-reported PA, which sug-
gested that NH White individuals had higher
levels of PA,?® data from accelerometer-assessed
PA revealed that Mexican American adults had
higher total PA and moderate to vigorous PA than
NH White or Black adults (=20 years of age).?®

In a study of almost 5000 British males, among

those with low PA in midlife, retirement and the

development of cardiovascular-related conditions
were identified as factors predicting a decrease in

PA over 20 years of follow-up. However, for males

who were more active in middle age, retirement is

associated with higher PA.2°

A report using data from 2018 indicated that US

adults spent on average 10.5 h/d connected to

media (eg, television, radio, smartphone, tablet,
internet on computer), with adults 50 to 64 years
of age spending the most time per day on media
compared with any other age group.?® This same
report estimated that on average Black adults
spent 12 hours 58 minutes, Hispanic adults spent

9 hours 17 minutes, and Asian American adults

spent 6 hours 46 minutes per day connected to

media. These habits affect time available for PA
and contribute to sedentary behavior.

Pregnancy and Postpartum
¢ PA is recommended for pregnant females without

obstetric or medical complications.*3'32 Several
reviews of the literature that supported these
guidelines indicate that PA during pregnancy can
decrease the odds of excessive gestational weight
gain,®34 gestational diabetes,?*3> preeclampsia
and gestational hypertension,*® and depressive
symptoms.3® PA also can assist with postpartum
weight retention® and postpartum depressive
symptoms.

US estimates from NHANES (2007-2014) indicate
that 12.7% to 45.0% of pregnant females meet
the 2015 American College of Obstetrics and
Gynecology guidelines.?” Accelerometer-assessed
PA measures from NHANES (2003-2006) indicate
that the population of US pregnant females aver-
aged 12 min/d of moderate activity and 57% of
their monitored day in sedentary behavior (aver-
age, 424 min/d).®

For more information, see Chapter 11 on
pregnancy.
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reported spending more time in household PA

and more total PA than urban individuals, possibly

explaining the higher levels of light activity of rural
individuals observed by accelerometry.?’

— The prevalence of walking for transporta-
tion also varies by geographic location, rang-
ing from 43.5% of individuals living in New
England reporting any walking for transporta-
tion compared with 17.8% of individuals liv-
ing in the East South Central region of the
United States.®

e A 1-day assessment indicated that the mean prev-
alence of any active transportation was 10.3% on
the basis of 2012 data from the American Time

Use Study. NH White individuals reported the low-

est active transport (9.2%), followed by 11.0% of

Hispanic individuals, 13.4% of NH Black individu-

als, and 15.0% of other NH individuals.*

Sitting Time
e According to data from the 2015 to 2016
NHANES, prevalence of time spent sitting >8
h/d was reported at 25.7% and was successively
higher with older age.*'

Secular Trends
Youth
Physical Activity

e Among students nationwide, there was a signifi-
cant increase in the proportion reporting participa-
tion in muscle-strengthening activities on =3 d/wk,
from 47.8% in 1991 to 51.1% in 2017; however,
the prevalence did not change substantively from
2011 (55.6%) to 2017 (51.1%).>%?

¢ Nationwide, the number of high school students
who reported attending physical education classes
at least once per week (on an average week while
in school) did not change substantively between
1991 (48.9%) and 2017 (51.7%).># Similar pat-
terns were observed for attending physical educa-
tion classes on all 5 days.

* The prevalence of high school students playing
>1 team sport in the past year did not substan-
tively change between 1999 (55.1%) and 2017
(54.3%).>42

Cardiorespiratory Fitness
e In 2012, the prevalence of adolescents 12 to 15
years of age with adequate levels of cardiore-
spiratory fitness (based on age- and sex-specific
standards) was 42.2%, down from 52.4% in the

Structured Activity Participation in Leisure-Time,
Domestic, Occupational, and Transportation Activities
e Individuals from urban areas who participated in  Television/Video/Computers
NHANES (2003-2006) reported participating in ¢ According to NHANES, sitting and watching televi-
more transportation activity, but rural individuals sion or videos at least 2 h/d remained high over

combined years from 1999 to 2000.'®
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time for youth 5 to 11 years of age (65.5% in
2001-2002 to 62.2% in 2015-2016) and youth
12 to 19 years of age (64.2% in 2003-2004 to
59.4% in 2015-2016).%

A significant increase occurred in the number of
youth reporting having used computers for some-
thing other than schoolwork for =3 h/d in 2017
(43.0%) compared with 2003 (22.1%).>4?

A nationally representative survey of parents to
children <8 years of age indicated that smart-
phone ownership in the home has risen from 41%
in 2011 to 95% in 2017; tablet ownership also
rose from 8% in 2011 to 78% in 2017.22 Among
children <8 years of age, the amount of screen
time was similar for 2011 (2 hours 16 minutes) and
2017 (2 hours 19 minutes), but the type of media
accessed was shifting.??

Adults
¢ The prevalence of physical inactivity among adults

>18 years of age, overall and by sex, has decreased
from 1998 to 2018 (Chart 4-12).44

The age-adjusted percentage of US adults who
reported meeting both the muscle-strengthening
and aerobic guidelines increased from 18.2% in
2008 t0 24.0% in 2018.% The percentage of US
adults who reported meeting the aerobic guide-
lines increased from 43.5% in 2008 to 54.2% in
2018.44

The increase in those meeting the aerobic guide-
lines may be explained in part by the increased
prevalence in self-reported transportation walking
from 28.4% to 31.7% and leisure walking from
42.1% 10 52.1% (2005-2015).4°

According to NHANES, sitting and watching televi-
sion or videos at least 2 h/d remained high over
time for adults 220 years of age (64.7% in 2003-
2004 to 65.1% in 2015-2016).% Nielsen reports
of adult smartphone app/web use comparing data
collected in 2012 (48 min/d)* to 2017 (2 hours 28
minutes per day)* suggest large increases in use
over the past few years. Although they acknowl-
edge that there were inconsistent methods of
data collection among these different reports,
the reported changes in technology behavior over
such a short period of time are striking.

Social Determinants
¢ The proportion of adults =25 years of age who

met the 2018 PA guidelines for aerobic PA through
leisure-time activities was higher with successively
higher educational attainment (Chart 4-8).8 This
pattern was similar for meeting recommendations
for both aerobic and strengthening activities.
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e Adults residing in urban areas (metropolitan sta-
tistical areas) were more likely to meet the federal
aerobic PA guidelines through leisure-time activi-
ties than those residing in rural areas (55.2% ver-
sus 47.5%; Chart 4-9).8 This pattern was similar
for meeting recommendations for both aerobic
and strengthening activities.

e Categories of adults living above the poverty level
were successively more likely to meet the federal
aerobic PA guidelines through leisure-time activities
than those living below the poverty level (<100%)
(Chart 4-10).8 When considering meeting both the
aerobic and strengthening PA recommendations,
the stepwise pattern persisted, with a higher per-
cent of adults meeting recommendations the fur-
ther away from the poverty line of 100%.

e In an analysis from the NIH-AARP Diet and Health
Study, severe neighborhood socioeconomic depri-
vation was prospectively associated with less exer-
cise time in hours (highest quintile versus lowest
quintile, —=0.85 [95% Cl, —0.95 to —0.75]) among
136526 participants 51 to 70 years of age.*®

Family History and Genetics

e Genetic factors contribute to the propensity to
exercise.*>" More work is needed to identify
genetic factors that contribute to higher PA or
physical inactivity.*

Prevention of Physical Inactivity

The US Surgeon General has introduced Step It Up!
A Call to Action to Promote Walking and Walkable
Communities in recognition of the importance of PA.>
There are roles for communities, schools, and worksites.

Communities

e Community-level interventions are effective in
promoting PA. Communities can encourage
walking with street design that includes side-
walks and improved street lighting and landscap-
ing design that reduces traffic speed to improve
pedestrian safety.>

e Higher neighborhood walkability has been asso-
ciated with lower prevalence of overweight and
obesity and lower incidence of diabetes.>* Moving
to a walkable neighborhood was associated
with a lower risk for incident hypertension in the
Canadian Community Health Survey.%

Schools
¢ Schools can provide opportunities for PA through
physical education, recess, before- and after-
school activity programs, and PA breaks, as well as
offering a place for PA for the community.>®
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e Requiring daily physical education in US middle

schools decreased from 10.5% in 2006 to 3.4% in
2014 and in US high schools increased from 2.1%
in 2006 to 4.0% in 2014.>” The proportion of stu-
dents in grades 9 to 12 who participated in daily
physical education did not meaningfully change
between 2009 (33.3%) and 2013 (29.4%).>’

In 2012, the School Health Policies and Practices
Study also reported that 58.9% of school districts
required regular elementary school recess, a pro-
portion similar to that in 2006 (57.1%).>’

Worksites
e \Worksites can offer access to on-site exercise facili-

ties or employer-subsidized off-site exercise facili-
ties to encourage PA among employees.

Worksite interventions for sedentary occupations
such as providing “activity-permissive” worksta-
tions and email contacts that promote breaks have
reported increased occupational light activity, and
the more adherent individuals observed improve-
ments in cardiometabolic outcomes.>®>

Heart Disease and Stroke Statistics—2021 Update: Chapter 4

60-149 min/wk compared with 0 min/wk) had
lower risk of all-cause mortality (HR, 0.73 [95% (],
0.65-0.82]; HR, 0.71 [95% Cl, 0.62-0.82]; and HR,
0.81 [95% Cl, 0.67-0.97], respectively), but per-
forming =150 min/wk of strength training was not
associated with lower risk of all-cause mortality (HR,
1.10[95% Cl, 0.77-1.56]).%* The HRs were adjusted
for potential confounders and aerobic activity.

A meta-analysis of 23 studies revealed an associa-
tion between participating in more transportation-
related PA and lower all-cause mortality, CVD, and
diabetes.®*

In the UK Biobank of 263540 participants, com-
muting by bicycle was associated with a lower risk
of CVD mortality and all-cause mortality (HR, 0.48
and 0.59, respectively). Commuting by walking
was associated with a lower risk of CVD mortality
(HR, 0.64) but not all-cause mortality.®®

A meta-analysis including 193696 adults reported
that high occupational PA was associated with a
greater risk of all-cause mortality in males (HR, 1.18
[95% Cl, 1.05-1.34]) compared with low occupa-
tional PA.®6 However, a nonsignificant decrease in

Mortality all-cause mortality was observed among females
Self-Reported PA, Sedentary Behavior, and with high occupational PA (HR, 0.90 [95% ClI,
Mortality 0.80-1.01]) compared with those with low occu-

e In an analysis from NHIS, among 67762 adults pational PA. It is unclear whether factors such as fit-
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with >20 years of follow-up, 8.7% of all-cause
mortality was attributed to a PA level of <150 min/
wk of moderate-intensity PA.%°

A meta-analysis of 9 cohort studies, representing
122417 adults 260 years of age, found that as
little as 15 minutes of daily moderate to vigorous
PA reduced all-cause mortality.®" This protective
effect of PA was dose dependent; the most rapid
reduction in mortality per minute of added PA was
for those at the lowest levels of PA. These findings
suggest that older adults can benefit from PA time
below the amount recommended by the federal
guidelines.

In a pooled study of >600000 adults,®? an inverse
dose-response relationship was observed between
level of self-reported leisure-time PA (HR, 0.80
[95% Cl, 0.78-0.82] for less than the recom-
mended minimum of the PA guidelines; HR, 0.69
[95% Cl, 0.67-0.70] for 1-2 times the recom-
mended minimum; and HR, 0.63 [95% Cl, 0.62-
0.65] for 2-3 times the minimum) and mortality,
with the upper threshold for mortality benefit
occurring at 3 to 5 times the PA recommenda-
tions (HR, 0.61 [95% Cl, 0.59-0.62]). There was
no evidence of harm associated with performing
>10 times the recommended minimum (HR, 0.68
[95% Cl, 0.59-0.78]).6?

In the WHS (n=28879; mean age, 62 years), females
participating in strength training (1-19, 20-59, and
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ness, SES, preexisting CVD, type of occupation, and
other domains of PA may modify this relationship.
In a meta-analysis of 13 studies, higher sedentary
behavior was associated with a 22% higher risk of
all-cause mortality (HR, 1.22 [95% Cl, 1.09-1.41]).
This association was more pronounced at lower
levels of PA than at higher levels of PA.%

A meta-analysis that included >1 million partici-
pants across 16 studies compared the risk asso-
ciated with sitting time and television viewing in
physically active and inactive study participants.
For inactive individuals (defined as the lowest
quartile of PA), those sitting >8 h/d had a higher
all-cause mortality risk than those sitting <4 h/d.
For active individuals (top quartile for PA), sitting
time was not associated with all-cause mortality,
but active people who watched television =5 h/d
did have higher mortality risk.®®

In a prospective US cohort study (CPS-Il) of 127544
adults, prolonged leisure-time sitting (=6 h/d ver-
sus <3 h/d) was associated with higher risk of mor-
tality from all causes and CVD (including CHD and
stroke-specific mortality).®

With the use of an isotemporal substitution
approach in a subsample of the CPS-Il, among par-
ticipants with the lowest level of PA, replacing 30
min/d of sitting with light-intensity PA or moder-
ate- to vigorous-intensity PA was associated with
14% (HR, 0.86 [95% Cl, 0.81-0.89]) or 45% (HR,

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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0.55[95% Cl, 0.47-0.62]) lower mortality, respec- with lowest hand-grip strength and lowest cardio-

tively. For the individuals with the highest PA levels, respiratory fitness, which suggests that strength
substitution was not associated with differences in and possibly cardiorespiratory fitness could mod-
mortality risk.” erate the association between PA and mortality.”

Device-Measured PA, Sedentary Behavior, and
Mortality Benefits of PA and Complications of
e Among 3029 NHANES adults 50 to 79 years of age Inactivity
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in 2003 to 2006, models that replaced sedentary
time with 10 min/d of moderate to vigorous PA
were associated with lower all-cause mortality (HR,
0.70[95% Cl, 0.57-0.85]) after 5 to 8 years of fol-
low-up. Even substituting 10 min/d of light activity
was associated with lower all-cause mortality (HR,
0.91 [95% Cl, 0.86-0.96]).”

In a landmark harmonization effort of 8 prospec-
tive studies with accelerometry, over a median of
5.8 years of follow-up, the highest quartile of light
(HR, 0.38-0.60) and moderate to vigorous (HR,
0.52-0.64) PA compared with the lowest quartile
(least active) was associated with a lower risk of
all-cause mortality.”? Time in sedentary behavior
was associated with a higher risk of all-cause mor-
tality (HR, 1.28-2.63 across quartiles) compared
with the lowest quartile (least sedentary).

Step counting is recommended as an effective
method for translating PA guidelines and monitoring
PA levels because of its simplicity and the increase
in step-counting devices.® All longitudinal studies
included in a systematic review reported a favor-
able dose-response relationship between daily step
counts and all-cause mortality (HR, 0.94 [95% ClI,
0.90-0.98] per 1000-steps per day increase).”
Among older females, having as few as 4400 steps
per day was associated with lower mortality.”* More
evidence is needed to set target volumes of PA
based on steps per day and to determine the role
of cadence (steps per minute; a proxy for intensity
of ambulation) in these relationships.®73

Cardiorespiratory Fitness and Mortality
e The Cooper Center Longitudinal Study, an analy-

sis conducted on 16533 participants, revealed
that across all risk factor strata, the presence of
low cardiorespiratory fitness was associated with a
greater risk of CVD death over a mean follow-up
of 28 years.”

Among a Swedish cohort of 266109 adults 18
to 74 years of age, risk of CVD morbidity and all-
cause mortality decreased 2.6% and 2.3% per
1-mL-min-"-kg~" increase, respectively, in cardio-
respiratory fitness estimated from a submaximal
bicycle test.”® The risk reduction with higher car-
diorespiratory fitness was observed for both males
and females across ages.

In the UK Biobank, the association between PA
and all-cause mortality was strongest among those

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

Youth
Benefits

¢ In a study of 36956 Brazilian adolescents, higher
self-reported moderate to vigorous PA levels and
lower amounts of screen time were associated
with lower cardiometabolic risk. Furthermore, the
association of screen time with cardiometabolic
risk was modified by BMI. In contrast, the associa-
tion between moderate to vigorous PA and car-
diometabolic risk was independent of BMI.”®

¢ In a prospective study of 700 Norwegian 10-year-
old children, higher levels of accelerometer-
assessed moderate PA at baseline were associated
with lower triglyceride levels and lower insulin
resistance at the 7-month follow-up. In contrast,
sedentary duration was not associated with car-
diometabolic risk factors at follow-up.”

e Among the NHANES 2003 to 2006 cohort of
youths 6 to 17 years of age, those with the high-
est levels of accelerometer-assessed PA had lower
SBP, lower glucose levels, and lower insulin levels
than youths in the lowest PA group.®°

Complications
¢ A higher amount of accelerometer-measured sed-
entary duration among children 0 to 14 years of
age is associated with greater odds of hypertriglyc-
eridemia and cardiometabolic risk.®!

Adults
Cardiovascular and Metabolic Risk Factors
Benefits
* In a meta-analysis of 11 studies investigating the
role of exercise among individuals with MetS,
aerobic exercise significantly improved DBP (-1.6
mmHg; P=0.01), WC (-3.4 cm; P<0.01), fasting
glucose (-0.15 mmol/L; P=0.03), and HDL-C (0.05
mmol/L; P=0.02).8
e Engaging in active transport to work has been
associated with lower cardiovascular risk factors.
— In a large Swedish cohort of 23732 individu-
als, bicycling to work at baseline was associ-
ated with a lower odds of developing incident
obesity, hypertension, hypertriglyceridemia,
and impaired glucose tolerance at the 10-year
follow-up compared with using passive modes
of transportation.®3
¢ Even lighter-intensity activities such as yoga were
reported to improve BMI, BP, triglycerides, LDL-C,
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and HDL-C but not FPG in a meta-analysis of 32
RCTs comparing yoga with nonexercise control.®
In a dose-response meta-analysis of 29 studies
with 330222 participants that evaluated the asso-
ciation between PA levels and risk of hypertension,
each 10-MET h/wk higher level of leisure-time PA
was associated with a 6% lower risk of hyperten-
sion (RR, 0.94 [95% Cl, 0.92-0.96]).%

A systematic review reported favorable dose-
response relationships between daily step counts
and both type 2 diabetes (25% reduction in 5-year
dysglycemia incidence per 2000-step/d increase)
and MetS (29% reduction in 6-year metabolic
score per 2000-step/d increase).”

Intermittent breaks of 10 minutes of standing or
desk pedaling during each hour of sitting were
insufficient to prevent endothelial dysfunction that
developed over a period of 4 hours of sitting.®¢

Complications
e Results from NHANES 2011 to 2014 demon-

strated that the prevalence of low HDL-C was
higher among adults who reported not meeting
PA guidelines (21.0%) than among adults meeting
guidelines (17.7%).%

In a population-based study of Hispanic/Latino
adults, higher levels of sedentary time were asso-
ciated cross-sectionally with lower levels of HDL-
C, higher triglycerides, and higher measures of
insulin resistance after adjustment for PA levels.
Furthermore, the accrual of prolonged and unin-
terrupted bouts of sedentary time was particularly
associated with greater abnormalities in measures
of glucose regulation. 8

Pregnancy
® In a meta-analysis including 7 trials with 2517

pregnant female participants that evaluated the
effects of exercise during pregnancy, aerobic exer-
cise for =30 to 60 minutes 2 to 7 times per week
during pregnancy was associated with significantly
lower risk of gestational hypertensive disorders
(RR, 0.70 [95% Cl, 0.53-0.83]).*

Heart Disease and Stroke Statistics—2021 Update: Chapter 4

moderate versus low, 0.86 [95% Cl, 0.78-0.93];
high versus moderate, 0.88 [95% Cl, 0.82-0.94))
over an average 6.9 years of follow-up.®

In the 2-year LIFE study of older adults (mean
age, 78.9 years), higher levels of accelerometer-
assessed PA and daily steps were associated with
lower risk of adverse cardiovascular events.®

A systematic review reported a favorable dose-
response relationship between daily step counts
and cardiovascular events (defined as cardiovascu-
lar death, nonfatal M, or nonfatal stroke; 8% yearly
rate reduction per 2000-steps per day increase).”®
In the WHI, every 1-h/d increase in accelerometer-
assessed light-intensity PA was associated with a
lower risk of CHD (HR, 0.86 [95% Cl, 0.73-1.00])
and lower CVD (HR, 0.92 [95% Cl, 0.85-0.99]).
Domains of PA other than leisure time are under-
studied. A meta-analysis reported a protective
relationship between transportation activity and
cardiovascular risk, which was greater in females.®
However, higher occupational PA has been associ-
ated with higher Ml incidence in males 19 to 70
years of age.®®®” These relationships require fur-
ther investigation because a protective association
of occupational activity with Ml has been reported
in young males (19-44 years of age).”’

The Rotterdam Study evaluated the contribution
of specific PA types to CVD-free life expectancy.
Higher levels of cycling were associated with a
greater CVD-free life span in males (3.1 years) and
females (2.4 years). Furthermore, high levels of
domestic work in females (2.4 years) and high lev-
els of gardening in males (2 years) were also asso-
ciated with an increased CVD-free life span.®®
With an average of 27 years of follow-up, estimates
from 13534 ARIC participants indicated that those
who engaged in past-year leisure-time PA at least
at median levels had a longer life expectancy free
of nonfatal CHD (1.5-1.6 years), stroke (1.8 years),
and HF (1.6-1.7 years) compared with those who
did not engage in leisure-time PA.* In addition,
those watching less television had longer life expec-

Cardiovascular Events
Benefits
e A study of the factors related to declining CVD

tancy free of CHD, stroke, and HF of close to 1 year.
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Complications
* In a dose-response meta-analysis of 9 prospective

among Norwegian adults =25 years of age found
that increased PA (=1 h/wk of strenuous PA)
accounted for 9% of the decline in hospitalized and
nonhospitalized fatal and nonfatal CHD events.”’

In a prospective cohort study of 130843 participants
from 17 countries, compared with low levels of self-
reported PA (<150 min/wk of moderate-intensity
PA), moderate- (150-750 min/wk) and high- (>750
min/wk) intensity levels of PA were associated with
a graded lower risk of major cardiovascular events
(HR for high versus low, 0.75 [95% Cl, 0.69-0.82];

e314 February 23, 2021

cohort studies (n=720425), higher levels of sedentary
behavior were associated with greater risk of CVD in
a nonlinear relationship (HR for highest versus lowest
sedentary behavior, 1.14 [95% Cl, 1.09-1.19]).'%

Heart Failure
¢ In a meta-analysis of 12 prospective cohort studies

(n=370460), there was an inverse dose-dependent
association between self-reported PA and risk of
HF. PA levels at the guideline-recommended mini-
mum (500 MET min/wk) were associated with 10%

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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lower risk of HF. PA at 2 and 4 times the guideline-
recommended levels was associated with 19%
and 35% lower risk of HF, respectively.'®!
Furthermore, an individual-level pooled analysis of 3
large cohort studies demonstrated that the strong,
dose-dependent association between higher self-
reported leisure-time PA and lower risk of HF is
driven largely by lower risk of HFpEF but not HFrEF."®2
In a prospective study that monitored 902 patients
with HF (with HFpEF or HFrEF) for 3 years, reporting
participation in any PA (=1 min/wk) was associated
with a lower risk of cardiac death and all-cause
death than no PA. Less television screen time (<2
h/d versus >4 h/d) also was associated with lower
all-cause death."

Lower levels of cardiorespiratory fitness have also
been associated with higher risk of HF in a study
of 21080 veterans, with a 91% higher risk of HF
noted among low-fitness participants (HR, 1.91
[95% CI, 1.74-2.09])."04

Heart Disease and Stroke Statistics—2021 Update: Chapter 4

event. Every 1-MET higher exercise capacity before
the MI was associated with an 8% to 10% lower
risk of mortality at 28, 90, and 365 days after MI."'?
A study of 3572 patients with recent Ml demon-
strated significant sex differences in PA after AMI.
Females were more likely to be inactive than males
within 12 months after the AMI episode (OR, 1.37
[95% Cl, 1.21-1.55])."3

A study of women in the WHI observational study
who experienced a clinical Ml demonstrated
that participants had lower risk of mortality with
improvement in PA levels (HR, 0.54 [95% Cl, 0.36—
0.86]) or with sustained high PA levels (HR, 0.52
[95% Cl, 0.36-0.73]) compared with those who
maintained low PA levels after an MI."4

Among 2370 individuals with CVD who responded
to the Taiwan NHIS, achieving more total PA, leisure-
time PA, and domestic and work-related PA was asso-
ciated with lower mortality at the 7-year follow-up.'"
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Brain Health
¢ Growing evidence suggests a link between vascular
risk factors, cardiovascular/cerebrovascular disease,

Secondary Prevention
e Cardiac rehabilitation, a multicomponent interven-
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tion that includes aerobic exercise and strengthen-
ing, is recommended for those with CVD to reduce
hospital admissions, secondary events, and mortal-
ity.'9>1% Underuse of cardiac rehabilitation remains a
persistent problem; newer approaches such as home-
based cardiac rehabilitation are being explored.' A
Cochrane systematic review of 63 studies concluded
that exercise-based cardiac rehabilitation programs
for CHD patients reduced cardiovascular mortality
and hospital admissions but not overall mortality.'®’
In a prospective cohort study of 15486 participants
with stable CAD from 39 countries, higher levels
of PA were associated with lower risk of mortality
such that doubling the exercise volume was associ-
ated with 10% lower risk of all-cause mortality.'®®
— Among 1746 patients with CAD followed up
for 2 years, those who remained inactive or
became inactive had a 4.9- and 2.4-fold higher
risk of cardiac death, respectively, than patients
who remained at least irregularly active during
the follow-up period.'®
— In a prospective cohort study of 3307 individuals
with CHD, participants who maintained high PA
levels over longitudinal follow-up had a lower
risk of mortality than those who were inactive
over time (HR, 0.64 [95% Cl, 0.50-0.83]).""°
Using data from a registry of stable outpatients
with symptomatic coronary disease, cerebrovascular
disease, or PAD showed that the mortality rate of
patients with a recent Ml was significantly lower in
patients who participated in supervised (n=593) ver-
sus unsupervised (n=531) exercise programming.™"
Early mortality after a first Ml was lower for patients
who had higher exercise capacity before the MI

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

and poor brain health, leading to cognitive and motor
dysfunction. The AHA proposed to use the Life's
Simple 7 strategy not only to decrease cardiovascular
risk but also to maintain optimal brain health.™

One of the Life's Simple 7 strategies promotes
achievement of adequate PA."® Results from a
meta-analysis including >33000 participants sug-
gest that individuals who self-report high PA lev-
els have a 38% lower risk of cognitive decline.!™
Results from intervention trials have been more
inconsistent.’”-'20 However, there have been some
promising results from a study that observed bet-
ter executive function in those who adhered to
a multidomain (exercise, cognitive training, and
Mediterranean diet) intervention for 2 years.'"”
Evidence from meta-analyses in patients with stroke
suggests that PA rehabilitation may also improve
cognitive and motor function outcomes. An overall
positive effect of PA training on cognitive perfor-
mance was observed in patients with stroke (Hedges
g, 0.30 [95% Cl, 0.14-0.47]) in a meta-analysis
representing data from 736 participants.'?' Another
meta-analysis of studies involving patients with
stroke observed that treadmill training improved
motor function compared with no training (stan-
dard mean difference, 0.60 [95% Cl, 0.55-0.66]),
with similar results in both low- and high-intensity
and volume rehabilitation programs.'22

Costs
¢ The economic consequences of physical inactivity

are substantial. A global analysis of 142 countries
(93.2% of the world’s population) concluded that
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physical inactivity cost health care systems $53.8

billion in 2013, including $9.7 billion paid by indi-

vidual households.?

e A study of American adults reported that inad-
equate levels of aerobic PA (after adjustment for
BMI) were associated with an estimated 11.1%
of aggregate health care expenditures (including
expenditures for inpatient, outpatient, ED, office-
based, dental, vision, home health, prescription
drug, and other services).'*

¢ An evaluation of health care costs based on the
cardiovascular risk factor profile (including =30 min-
utes of moderate to vigorous PA =5 times per week)
found that among adults >40 years of age with
CVD, the highest marginal expenditures ($2853
per person in 2012) were for those not meeting the
PA guidelines. Health care costs included hospital-
izations, prescribed medications, outpatient visits
(hospital outpatient visits and office-based visits), ED
visits, and other expenditures (dental visits, vision aid,
home health care, and other medical supplies).'*

¢ Interventions and community strategies to increase
PA have been shown to be cost-effective in terms
of reducing medical costs'?®'?7:

— Nearly $3 in medical cost savings is realized
for every $1 invested in building bicycling and
walking trails.

— The ICER ranges from $14000 to $69000
per QALY gained from interventions such as

Heart Disease and Stroke Statistics—2021 Update: Chapter 4

pedometer or walking programs compared with
no intervention, especially in high-risk groups.

Global Burden
(See Chart 4-13)

e Prevalence of physical inactivity in 2016 was
reported to be 27.5% (95% Cl, 25.0%-32.2%)
of the population globally. These rates have not
changed substantially since 2001, at which time
prevalence of physical inactivity was 28.5% (95%
Cl, 23.9%-33.9%). Critically, it appears that the
number of females reporting insufficient PA is 8%
higher than males, globally.'?®

e The GBD 2019 study used statistical models and
data on incidence, prevalence, case fatality, excess
mortality, and cause-specific mortality to estimate
disease burden for 369 diseases and injuries and
87 risk factors in 204 countries and territories.'?°
Mortality rates attributable to low PA are highest
in North Africa and the Middle East (Chart 4-13).

e Physical inactivity was responsible for 831502
deaths in 2019.'%° Other leading risk factors
include diet, alcohol, tobacco, and child and
maternal malnutrition. The adjusted PAF for
achieving <150 minutes of moderate to vigorous
PA per week was 8.0% for all-cause and 4.6%
for major CVD in a study of 17 low-, middle-, and
high-income countries in 130843 participants
without preexisting CVD.??

30.0

Prevalencee

27.4 5.7
25.0 24.0 229 19.1
' 214
20.8 19.9

20.0

15.0

10.0

5.0

0.0

Overall, Male Female NH White NH Black Hispanic or Asian American
age-adjusted Latino Indian/Alaska
Native
Sex Race/Ethnicity

Chart 4-1. Prevalence of meeting both the aerobic and muscle-strengthening guidelines among US adults >18 years of age, overall and by sex and

race/ethnicity, 2018.
Error bars represent 95% confidence intervals.

Data are age adjusted to the year 2000 standard population for adults >18 years of age. The 2018 Physical Activity Guidelines for Americans recommend engaging
in moderate leisure-time physical activity for 2150 min/wk, vigorous activity for =75 min/wk, or an equivalent combination (eg, aerobic guideline). The 2018 Physical
Activity Guidelines for Americans also recommend engaging in muscle-strengthening activities >2 d/wk (eg, muscle-strengthening guideline).

NH indicates non-Hispanic.

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2018.%
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Chart 4-2. Prevalence of US students in grades 9 to 12 who were active at least 60 min/d on at least 5 and all 7 days by race/ethnicity and sex, 2017.

Error bars represent 95% confidence intervals.

This time included physical activity that increased heart rate and breathing some of the time during the 7 days before the survey.

NH indicates non-Hispanic.

Source: Data derived from Kann et al® using Youth Risk Behavior Surveillance System, 2017."%
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Chart 4-3. Prevalence of US students in grades 9 to 12 who did not participate in 260 minutes of physical activity on any day in the past 7 days by

race/ethnicity and sex, 2017.
Error bars represent 95% confidence intervals.

This time included physical activity that increased heart rate and breathing some of the time during the 7 days before the survey.

NH indicates non-Hispanic.

Source: Data derived from Kann et al® using Youth Risk Behavior Surveillance System, 2017."%
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Chart 4-4. Prevalence of US students in grades 9 to 12 who were active at least 60 min/d on all 7 days by sexual identity and sex, 2017.
Error bars represent 95% confidence intervals.

This time included physical activity that increased heart rate and breathing some of the time during the 7 days before the survey.

Source: Data derived from Kann et al® using Youth Risk Behavior Surveillance System, 2017."%°
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Chart 4-5. Prevalence of US children 12 to 15 years of age who had adequate levels of cardiorespiratory fitness by sex and age, 2012.
Error bars represent 95% confidence intervals.
Source: Data derived from Gahche et al'® using National Health and Nutrition Examination Survey, National Youth Fitness Survey, 2012."3'
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Chart 4-6. Percentage of US students in grades 9 to 12 who played video or computer games or used a computer* for >3 hours on an average
school day by race/ethnicity and sex, 2017.

Error bars represent 95% confidence intervals.

NH indicates non-Hispanic.

*For something other than schoolwork.

Source: Data derived from Kann et al® using Youth Risk Behavior Surveillance System, 2017.73°
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Chart 4-7. Prevalence of meeting the aerobic guidelines among US adults 218 years of age by race/ethnicity and sex, 2018.

Error bars represent 95% confidence intervals.

Percentages are age adjusted. The aerobic guidelines of the 2018 Physical Activity Guidelines for Americans recommend engaging in moderate leisure-time physi-
cal activity for 2150 min/wk, vigorous activity for 275 min/wk, or an equivalent combination.

NH indicates non-Hispanic.

Source: American Heart Association unpublished tabulation of National Health Interview Survey, 2018.24
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Chart 4-8. Prevalence of meeting the aerobic guidelines among US adults >25 years of age by educational attainment, 2018.

Error bars represent 95% confidence intervals.

Data are age adjusted to the year 2000 standard population for adults 218 years of age. The 2018 Physical Activity Guidelines for Americans recommend engag-
ing in moderate leisure-time physical activity for=150 min/wk, vigorous activity for 275 min/wk, or an equivalent combination (eg, aerobic guideline). The 2018
Physical Activity Guidelines for Americans also recommend engaging in muscle-strengthening activities 22 d/wk (eg, muscle-strengthening guideline).

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2018.2
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Chart 4-9. Prevalence of meeting the aerobic guidelines among US adults >18 years of age by location of residence, 2018.

Error bars represent 95% confidence intervals.

Data are age adjusted to the year 2000 standard population for adults 218 years of age. The 2018 Physical Activity Guidelines for Americans recommend engag-
ing in moderate leisure-time physical activity for =150 min/wk, vigorous activity for =75 min/wk, or an equivalent combination (eg, aerobic guideline). The 2018
Physical Activity Guidelines for Americans also recommend engaging in muscle-strengthening activities 22 d/wk (eg, muscle-strengthening guideline).

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2018.24
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Chart 4-10. Prevalence of meeting the aerobic and muscle-strengthening guidelines among US adults >18 years of age by family income (percent of
poverty threshold), 2018.

Error bars represent 95% confidence intervals.

Data are age adjusted to the year 2000 standard population for adults 218 years of age. The 2018 Physical Activity Guidelines for Americans recommend engag-
ing in moderate leisure-time physical activity for>150 min/wk, vigorous activity for =75 min/wk, or an equivalent combination (eg, aerobic guideline). The 2018
Physical Activity Guidelines for Americans also recommend engaging in muscle-strengthening activities 22 d/wk (eg, muscle-strengthening guideline). Poverty
status is based on family income and family size using the US Census Bureau poverty thresholds.

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2018.2
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Chart 4-11. Prevalence of meeting both the aerobic and muscle-strengthening guidelines among US adults >18 years of age by disability status, 2017.
Error bars represent 95% confidence intervals.

Percentages are age adjusted. The 2018 Physical Activity Guidelines for Americans recommend engaging in moderate leisure-time physical activity for>150 min/
wk, vigorous activity for 275 min/wk, or an equivalent combination (eg, aerobic guideline). The 2018 Physical Activity Guidelines for Americans also recommend
engaging in muscle-strengthening activities >2 d/wk (eg, muscle-strengthening guideline).

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2017.2
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Chart 4-12. Trends in the prevalence of physical inactivity among US adults >18 years of age, overall and by sex, 1998 to 2018.

Data are age adjusted to the year 2000 standard population for adults 218 years of age. Physical inactivity is defined as reporting no engagement in leisure-time
physical activity in bouts lasting =10 minutes.

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 1998 to 2018.24
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Chart 4-13. Age-standardized global mortality rates attributable to low physical activity per 100000, both sexes, 2019.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.'?® Printed with permission.
Copyright © 2020, University of Washington. Detailed results are available on the Global Burden of Disease Study website.'*
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5. NUTRITION

See Tables 5-1 through 5-3 and Charts 5-1
through 5-6

Click here to return to the Table of Contents

This chapter highlights national dietary habits,
focusing on key foods, nutrients, dietary patterns,
and other dietary factors related to cardiometabolic
health. It is intended to examine current intakes,
trends and changes in intakes, and estimated effects
on disease to support and further stimulate efforts
to monitor and improve dietary habits in relation to
CVH.

Abbreviations Used in Chapter 5

AF atrial fibrillation

AHA American Heart Association

AHEI Alternate Healthy Eating Index

AHS-2 Adventist Health Study-2

AMI acute myocardial infarction

apoB apolipoprotein B

ASCVD atherosclerotic cardiovascular disease
BMI body mass index

BP blood pressure

CAD coronary artery disease

CER cost-effectiveness ratio

CHD coronary heart disease

cl confidence interval

CRP C-reactive protein

CSA community-supported agriculture

CVvD cardiovascular disease

CVD Cardiovascular Disease Policy Model for Risk, Events,
PREDICT Detection, Interventions, Costs, and Trends
CVH cardiovascular health

DALY disability-adjusted life-year

DASH Dietary Approaches to Stop Hypertension
DBP diastolic blood pressure

DHA docosahexaenoic acid

DIl Dietary Inflammatory Index

(Continued)

The 2021 American Heart Association (AHA) Statistical Update uses
updated language surrounding race and ethnicity to honor the
people belonging to each group. Instead of referring to a specific
group with only the name of their race or ethnicity, we have identified
each race or ethnic classification with terms such as “Asian people,”
“Black adults,” “Hispanic youth,” “White females,” or similar terms.

As the AHA continues its focus on health equity to address
structural racism, we are working actively to reconcile language
used in previously published data sources and studies as we compile
this information in the annual Statistical Update. We strive to
use the racial and ethnic terms from the original data sources or
published studies (mostly from the past 5 years), which may not be
as inclusive as the terms now used in 2021. As style guidelines for
scientific writing evolve, they will serve as guidance for data sources
and publications and how they are cited in future Statistical Update
publications.
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Abbreviations Used in Chapter 5 Continued

dp-ucMPG | plasma dephosphorylated-uncarboxylated matrix Gla-protein

EPA eicosapentaenoic acid

EPIC European Prospective Investigation Into Cancer and
Nutrition

EVITA Effect of vitamin D on mortality in heart failure

FDA US Food and Drug Administration

GBD Global Burden of Disease Study

GRS genetic risk score

HbA, hemoglobin A, _(glycosylated hemoglobin)

HBP high blood pressure

HD heart disease

HDL-C high-density lipoprotein cholesterol

HEI Healthy Eating Index

HF heart failure

HR hazard ratio

ICER incremental cost-effectiveness ratio

IHD ischemic heart disease

LDL low-density lipoprotein

LDL-C low-density lipoprotein cholesterol

Lp(a) lipoprotein(a)

LVEF left ventricular ejection fraction

MDCS Malmo Diet and Cancer Study

MetS metabolic syndrome

MHO metabolically healthy obesity

Ml myocardial infarction

MUFA monounsaturated fatty acid

MVMM multivitamin/mineral

NA not available

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NSHDS Northern Sweden Health and Disease Study

OR odds ratio

PREDIMED | Prevencién con Dieta Mediterrénea

PREMIER Efficacy and Safety of Adalimumab and Methotrexate
(MTX) Versus MTX Monotherapy in Subjects With Early
Rheumatoid Arthritis

PUFA polyunsaturated fatty acid

QALY quality-adjusted life-year

RCT randomized controlled trial

REGARDS Reasons for Geographic and Racial Differences in Stroke

RR relative risk

SBP systolic blood pressure

SCD sudden cardiac death

SD standard deviation

SES socioeconomic status

SFA saturated fatty acid

SNP single-nucleotide polymorphism

SSB sugar-sweetened beverage

SUN Seguimiento Universidad de Navarra

TC total cholesterol

TOHP Trials of Hypertension Prevention

ul uncertainty interval

VITAL Vitamin D and Omega-3 Trial

VITAL-HF Vitamin D and Omega-3 Trial-Heart Failure

WHI Women'’s Health Initiative
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Prevalence and Trends in the AHA
Healthy Diet Metrics

(See Table 5-1 and 5-2 and Charts 5-1 and
5-2)

In 2010, the AHA released an Impact Goal that included
2 objectives: “By 2020, to improve the cardiovascular
health of all Americans by 20%, while reducing deaths
from CVDs and stroke by 20%."" This includes follow-
ing a healthy diet pattern characterized by 5 primary
and 3 secondary metrics (Table 5-1) that should be con-
sumed within a context that is appropriate in energy
balance and consistent with a DASH-type eating plan.?

The AHA scoring system for ideal, intermediate, and
poor diet patterns uses a binary-based scoring system,
which awards 1 point for meeting the ideal target for
each metric and 0 points otherwise.? For better consis-
tency with other dietary pattern scores such as DASH,
an alternative continuous scoring system has been
developed to measure small improvements over time
toward the AHA ideal target levels (Table 5-1). The
dietary targets remain the same, and progress toward
each of these targets is assessed by use of a more gran-
ular range of 1 to 10 (rather than 0-1).

With the use of the alternative scoring system, the
mean AHA healthy diet score improved between 2003 to
2004 and 2015 to 2016 in the United States for adults. In
adults, the prevalence of a poor diet improved from 56.0%
to 47.8% for the primary score and 43.7% to 36.4% for
the secondary score (Table 5-2). Changes in score were
attributable largely to increased consumption of whole
grains and nuts, seeds, and legumes and decreased con-
sumption of SSBs. No significant changes were observed
for consumption of total fruits and vegetables, fish and
shellfish, sodium, processed meat, and saturated fat.

Similar changes in AHA healthy diet scores between
2003 to 2004 and 2015 to 2016 were seen in minor-
ity groups and those with lower income or education,
although significant disparities persisted (Charts 5-1 and
5-2). The proportion with a poor diet decreased from
64.7% to 58.3% for NH Black individuals, from 66.0%
to 57.5% for Mexican American individuals, and from
54.0% to 45.9% for NH White individuals (Chart 5-1).
The proportion with a poor diet (<40% adherence)
decreased from 50.7% to 38.8% in adults with income-
to-poverty ratio =3.0 but only from 67.7% to 59.7%
in adults with income-to-poverty ratio <1.3 (Chart 5-2).

Dietary Habits in the United States:
Current Intakes of Foods and Nutrients
Adults

(See Table 5-3 and Charts 5-3 and 5-4)

The average dietary consumption by US adults of
selected foods and nutrients related to cardiometabolic
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health based on data from 2015 to 2016 NHANES is
detailed below by sex and race/ethnicity (Table 5-3):

e Consumption of whole grains was low with sex
and racial variations and ranged from 0.6 (Mexican
American males) to 1.1 (NH White males) servings
per day. For each of these groups, <10% of adults
met guidelines of >3 servings per day.

e Whole fruit consumption similarly showed a sex
and racial difference and ranged from 1.0 (NH
Black males) to 1.6 (Mexican American females)
servings per day. For each of those groups, <10%
of adults met guidelines of >2 cups/d. When
100% fruit juices were included, the number of
servings increased, and the proportions of adults
consuming =2 cups/d increased.

¢ Nonstarchy vegetable consumption ranged from
1.6 (NH Black males) to 2.4 (NH White females)
servings per day. The proportion of adults meeting
guidelines of 22.5 cups/d was <10%.

e Consumption of fish and shellfish ranged from 1.0
(NH White individuals) to 1.8 (NH Black females)
servings per week. The proportions of adults meet-
ing guidelines of =22 servings per week were =17 %
of NH White adults, *23% of NH Black adults, and
=18% of Mexican American adults.

¢ Weekly consumption of nuts and seeds was =6
servings among NH White adults and =3 servings
among NH Black adults and Mexican American
adults. Approximately 1 in 3 White adults, 1 in
6 NH Black adults, and 1 in 5 Mexican American
adults met guidelines of >4 servings per week.

e Consumption of processed meats was lowest
among Mexican American females (1.0 servings
per week) and highest among NH White males
(=2.5 servings per week). Between 57% (NH White
males) and 80% (Mexican American females) of
adults consumed <2 servings per week.

e Consumption of SSBs was lowest among NH White
females (5.8 servings per week) and highest among
NH Black individuals and Mexican American males
(=10 servings per week). The proportions of adults
meeting guidelines of <36 oz per week was ~63%
for NH White adults, 42% for Mexican American
adults, and 37% for NH Black adults.

e Consumption of sweets and bakery desserts
ranged from 4.7 servings per week among Mexican
American females to 3.3 servings per week among
NH Black males. The majority of NH White, NH
Black, and Mexican American adults consumed
<2.5 servings per week.

¢ The proportion of total energy intake from added
sugars ranged from 10.8% for Mexican American
males to 22.1% for NH Black females. Between
12% of NH Black females and 38.1% of Mexican
American males consumed <6.5% of total energy
intake from added sugars.

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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e Consumption of EPA and DHA ranged from 0.075
t0 0.103 g/d in each sex and racial or ethnic sub-
group. Fewer than 9% of US adults met the guide-
line of >0.250 g/d.

e One-quarter to two-fifths of adults consumed
<10% of total calories from saturated fat, and
approximately one-half to two-thirds consumed
<300 mg dietary cholesterol per day.

¢ The ratio of (PUFAs+MUFAs)/SFAs ranged from 1.8
in NH White males and Mexican American males
to 2.6 in NH Black females. The proportion with a
ratio =2.5 ranged from 40% in NH Black females
10 12.6% in NH White males.

* Only 8% of NH White adults, *5% of Black
adults, and ~12% of 3Mexican American adults
consumed =28 g of dietary fiber per day.

e Fewer than 10% of adults consumed <2.3 g
sodium per day. Estimated mean sodium intake
by 24-hour urinary excretion was 4205 mg/d for
males and 3039 mg/d for females in 2013 to 2014.
Estimates of sodium intake by race, sex, and source
are shown in Charts 5-3 and 5-4. Sodium added
to food outside the home accounts for more than
two-thirds of total sodium intake in the United
States (Chart 5-4).% Top sources of sodium intake
vary by race/ethnicity, with the largest contribu-
tor being yeast breads for NH White adults, sand-
wiches for NH Black adults, burritos and tacos for
Hispanic adults, and soups for NH Asian adults.>

Children and Teenagers
According to NHANES 2015 to 2016 data, the average
dietary consumption by US children and teenagers of
selected foods and nutrients related to cardiometabolic
health is detailed below®:
¢ Whole grain consumption was low with an esti-
mated average intake of 0.95 serving per day
(95% Cl, 0.88-1.03) among US youth 2 to 19
years of age. Youth with higher parental educa-
tion had higher intake.
¢ Whole fruit consumption was low with an estimated
average intake of 0.68 serving per day (95% Cl,
0.58-0.77). The consumption pattern decreased
with age. NH Asian youth and other races, includ-
ing multiracial youth, had the highest intake of
whole fruit, followed by NH White youth, other
Hispanic youth, Mexican American youth, and NH
Black youth. The average intake of 100% fruit juice
was 0.46 serving per day (95% Cl, 0.39-0.53). The
consumption pattern also decreased with age. NH
White youth had the lowest intake of fruit juice, fol-
lowed by NH Asian youth and other races, includ-
ing multiracial youth, Mexican American youth,
other Hispanic youth, and NH Black youth.
e Nonstarchy vegetable consumption was low with
an estimated average intake of 0.57 serving per

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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day (95% Cl, 0.53-0.62). The consumption pat-
tern increased with age.

Consumption of fish and shellfish was very low
with an estimated average intake of 0.06 serving
per day (95% Cl, 0.04-0.07). The consumption
pattern increased with age. Hispanic youth had
the highest intake of fish and shellfish, followed
by NH Asian youth and other races, including mul-
tiracial youth, NH Black youth, Mexican American
youth, and NH White youth.

Consumption of nuts and seeds was low with an
estimated average intake of 0.40 serving per day
(95% Cl, 0.33-0.47). NH White youth had the
highest intake of nuts and seeds, followed by NH
Asian youth and other races, including multiracial
youth, other Hispanic youth, NH Black youth, and
Mexican American youth. The consumption pat-
tern of nuts and seeds increased with attainment
of parental education and parental income.
Consumption of unprocessed red meats was 0.31
serving per day (95% Cl, 0.27-0.34) on average
with higher intake among youth with attainment
of parental education less than high school and
high school graduate, and lower among youth
with parental education of some college or above
and college graduate or above.

Consumption of processed meats was 0.27 serv-
ing per day (95% Cl, 0.24-0.29) on average with
higher intake among males and lower intake
among females. NH White youth have the highest
intake of processed meat, followed by NH Black
youth, Mexican American youth, NH Asian youth,
and other races, including multiracial youth and
other Hispanic youth.

Consumption of SSBs was 1.0 serving per day (95%
Cl, 0.89-1.11) on average among US youth. The
consumption pattern of SSBs increased with age.
NH Black youth have the highest intake of SSBs,
followed by Mexican American youth, NH White
youth, other Hispanic youth, NH Asian youth, and
other races, including multiracial youth.
Consumption of sweets and bakery desserts con-
tributed to an average of 6.07% of calories (95%
Cl, 5.55%-6.60%) among US youth, with no sig-
nificant heterogeneity across age, sex, race/ethnic-
ity, parental education, and household income.
Consumption of EPA and DHA was low with an
estimated average intake of 0.04 g/d (95% Cl,
0.03-0.05). The consumption pattern of EPA and
DHA increased with age. NH Asian youth and
other races, including multiracial youth, have
the highest intake of EPA and DHA, followed by
other Hispanic youth, Mexican American youth,
NH White youth, and NH Black youth.
Consumption of SFAs was =12.1% of calo-
ries (95% Cl, 11.8%-12.4%) among US youth.
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Consumption of dietary cholesterol was 254 mg/d
(95% Cl, 244-264) with NH White youth having
the lowest intake (238 mg/d [95% ClI, 226-250])
and Mexican American youth having the highest
intake (292 [95% Cl, 275-309]).

¢ Consumption of dietary fiber was 15.6 g/d (95% Cl,
15.1-16.0) on average among US youth, with no
significant heterogeneity across age, sex, race/eth-
nicity, parental education, and household income.

¢ Consumption of sodium was 3.33 g/d (95% Cl,
3.28-3.37) on average among US youth. The
consumption pattern increased with age. NH
Asian youth and other races, including multira-
cial youth, have the highest intake of sodium,
followed by NH Black youth, Mexican American
youth, and NH White youth.

Secular Trends

In addition to individual foods and nutrients, over-
all dietary patterns can be a useful tool for assessing
diet quality.” The 2015 US Dietary Guidelines Advisory
Committee summarized the evidence for benefits of
healthful diet patterns on a range of cardiometabolic
and other disease outcomes.® They concluded that a
healthy dietary pattern is higher in vegetables, fruits,
whole grains, low-fat or nonfat dairy, seafood, legumes,
and nuts; moderate in alcohol (among adults); lower in
red and processed meat; and low in sugar-sweetened
foods and drinks and refined grains. The 2015 US Dietary
Guidelines also describe a healthy vegetarian dietary pat-
tern, which includes more legumes, soy products, nuts
and seeds, and whole grains but does not include meats,
poultry, or seafood. Different dietary patterns have been
defined such as HEI-2010, AHEI, Mediterranean, DASH-
type, Western, prudent, and vegetarian patterns.

Between 1999 and 2010, the average AHEI-2010
score of US adults improved from 39.9 to 46.8.° This
was related to reduced intake of trans fat (account-
ing for more than half of the improvement), SSBs, and
fruit juice, as well as an increased intake of whole fruit,
whole grains, PUFAs, and nuts and legumes. Adults
with greater family income and education had higher
scores, and the gap between low and high SES wid-
ened over time, from 3.9 points in 1999 to 2000 to 7.8
points in 2009 to 2010.

Between 1999 and 2016, the mean HEI-2015 score
in US children and adolescents 2 to 19 years of age
improved from 44.6 (95% Cl, 43.5-45.8) to 49.6 (95%
Cl, 48.5-50.8) (11.2% improvement). The mean AHA
primary diet score increased from 14.8 (95% Cl, 14.1-
15.4)10 18.8 (95% Cl, 18.1-19.6) (27.0% improvement)
and the mean AHA secondary score from 29.2 (95%
Cl, 28.1-30.4) to 33.0 (95% Cl, 32.0-33.9) (13.0%
improvement). On the basis of the AHA primary score,
the estimated proportion of US children with poor dietary
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quality significantly decreased from 76.8% (95% Cl,
72.9%-80.2%) to 56.1% (95% Cl, 51.4%-60.7%); the
estimated proportion with intermediate quality signifi-
cantly increased from 23.2% (95% Cl, 19.8%-26.9%)
to 43.7% (95% Cl, 39.1%-48.3%). The estimated
proportion with an ideal diet significantly improved but
remained low (from 0.07% to 0.25%). On the basis of
the AHA secondary score, the estimated proportion of US
children with poor dietary quality significantly decreased
from 61.0% (95% Cl, 56.5%—-65.2%) to 49.1% (95%
Cl, 45.0%-53.3%); the estimated proportion with inter-
mediate quality significantly increased from 39.0% (95%
Cl, 34.7%-43.4%) to 50.4% (95% Cl, 46.3%-54.4%).
The estimated proportion with an ideal diet significantly
improved from 0.04% to 0.50%. The overall dietary
quality improvement among US youth was attributable
mainly to the increased consumption fruits/vegetables
(especially whole fruits) and whole grains, with additional
increases in total dairy, total protein foods, seafood, and
plant proteins and decreased consumption of SSBs and
added sugar. Persistent dietary variations were identi-
fied across multiple sociodemographic groups. The mean
HEI-2015 score in 2015 to 2016 was 55.0 (95% Cl,
53.7-56.4) for youth 2 to 5 years of age, 49.2 (95% Cl,
47.9-50.6) for youth 6 to 11 years of age, and 47.4 (95%
Cl, 46.0-48.8) for youth 12 to 19 years of age, with simi-
lar persistent variations across levels of sociodemographic
characteristics.

The impact of the October 2009 Special
Supplemental Nutrition Program for Women, Infants,
and Children food package revision (more fruits, veg-
etables, whole grains, and lower-fat milk) was exam-
ined with 2003 to 2008 and 2011 to 2012 NHANES
data in 2- to 4-year-old children from low-income
households.”™ The Women, Infants, and Children
food package revisions were associated with signifi-
cant improvements in HEI-2010 score (3.7-higher HEI
points [95% Cl, 0.6-6.9]), with the greatest improve-
ment coming from a 3.4-fold increase (95% Cl, 1.3—
9.4) in the greens and beans category.

In a study using data from the Food and Agriculture
Organization Food Balance Sheets from 1961 to 1965,
2000 to 2003, and 2004 to 2011 in 41 countries, a
Mediterranean adequacy index was calculated from
available energy intake for food groups consistent
or inconsistent with the Mediterranean dietary pat-
tern." Adherence to the Mediterranean dietary pattern
decreased from 1961 to 1965 to 2000 to 2003, with
stabilization overall from 2004 to 2011.

Trends in Dietary Supplement Intake

(See Chart 5-5)

Use of dietary supplements is common in the United
States among both adults and children despite lack of
evidence to support the use of most dietary supple-
ments in reducing risks of CVD or death.’ From 1999 to

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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2000 to 2011 to 2012, use of multivitamins/multiminer-
als decreased from 37% to 31%, use of omega-3 fatty
acids increased from 1.4% to 11%, and use of vitamin
D supplements remained stable (34% to 38%; Chart
5-5). Fifty-two percent of US adults reported using
any supplement, including multivitamins/multiminer-
als (31%), vitamin D (38%), and omega-3 fatty acids
(11%)."* Trends in any supplement use over time were
increasing in older adults, stable among middle-aged
adults, and decreasing in younger adults.

Social Determinants

¢ Societal and environmental factors independently
associated with diet quality, adiposity, or weight
gain include education, income, race/ethnicity,
and (at least cross-sectionally) neighborhood avail-
ability of supermarkets.'#-6

e Other local food-environment characteristics such
as availability of grocery stores (ie, smaller stores
than supermarkets), convenience stores, and fast
food restaurants are not consistently associated
with diet quality or adiposity and could be linked
to social determinants of health for CVD."”

¢ Disparities may be driven in part by overabundance
of unhealthy food options. In a study of neighbor-
hood-level data from 4 US cities (Birmingham, AL;
Chicago, IL; Minneapolis, MN; and Oakland, CA),
past neighborhood-level income was inversely
associated with current density of convenience
stores.'® In low-income neighborhoods, the per-
centage of White population was inversely asso-
ciated with density of fast food restaurants and
smaller grocery stores.

¢ Inastudy using NHANES and Nielsen Homescan data
to examine disparities in calories from store-bought
consumer packaged goods over time, calories from
store-bought beverages decreased between 2003 to
2006 and 2009 to 2012. However, the decline in
calories from consumer packaged goods was slower
for NH Black people, Mexican American people, and
lowest-income households.™

Genetics/Family History

¢ Genetic factors may contribute to food preferences
and modulate the association between dietary
components and adverse CVH outcomes.?0-22
However, there is a paucity of gene-diet interaction
studies with independent replication to support
personalizing dietary recommendations according
to genotype.

* In a randomized trial of 609 overweight-obese,
nondiabetic participants that compared the effects
of healthy low-fat and healthy low-carbohydrate
weight loss diets, neither genotype pattern (3 SNP

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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multilocus genotype responsiveness pattern) nor
insulin secretion (30 minutes after glucose chal-
lenge) modified the effects of diet on weight loss.?
The interactions between a GRS composed of 97
BMI-associated variants and 3 diet-quality scores
were examined in a pooled analysis of 30904 par-
ticipants from the Nurses’ Health Study, the Health
Professional Follow-Up Study, and the Women'’s
Genome Health Study. Higher diet quality was
found to attenuate the association between GRS
and BMI (P for interaction terms <0.005 for AHEI-
2010 score, Alternative Mediterranean Diet score,
and DASH diet score).2* A 10-unit increase in the
GRS was associated with a 0.84-unit (95% ClI,
0.72-0.96) increase in BMI for those in the high-
est tertile of AHEI score compared with a 1.14-unit
(95% ClI, 0.99-1.29) increase in BMI in those in
the lowest tertile of AHEI score.

Impact on US Mortality
¢ Nationally representative data from 37233 US

adults were analyzed to examine the association
between low-carbohydrate and low-fat diets and
mortality. Neither low-carbohydrate nor low-fat
diets were associated with total mortality; how-
ever, diet quality and sources of macronutrients
appeared to play a role in that healthy low-carbo-
hydrate (HR, 0.91 [95% Cl, 0.87-0.95]; P<0.001)
and low-fat (HR, 0.89 [95% Cl, 0.85-0.93];
P<0.001) diets were associated with lower mor-
tality and unhealthy low-carbohydrate (HR, 1.07
[95% ClI, 1.02-1.11]; P=0.01) and low-fat (HR,
1.06 [95% ClI, 1.01-1.12]; P=0.04) diets were
linked to higher mortality.?®

NHANES Il (1988-1994) data from 3733 over-
weight/obese (BMI =25 kg/m?) adults (20-90 years
of age) were analyzed to assess the relationship
between the DIl and mortality. Results show that the
DIl scores of metabolically unhealthy obese/over-
weight individuals were associated with increased
mortality risk (HR_ .. 5 voes tenie 1+ 1-44 [95% Cl,
1.11-1.86]; P, =0.008; HR , ... 1.08 [95%
Cl, 0.99-1.18]) and, more specifically, CVD-related
mortality (HR,, ... 3-29 [95% CI, 2.01-5.37];
P.,<0.001,HR . 140[95% Cl, 1.18-1.66]).
These associations were not observed among MHO
adults, and no cancer mortality risk was observed
for either metabolically unhealthy obese/overweight
or MHO individuals. The SUN (n=18566) and
PREDIMED (n=6790) Spanish cohort studies similarly
analyzed the DIl in relation to mortality. Significant
associations were found in differences between the
highest and lowest quartiles of the DIl and mortal-
ity in both the SUN (HR, 1.85 [95% Cl, 1.15-2.98];
P =0.004)*® and PREDIMED (HR, 1.42 [95% Cl,

trend
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1.00-2.02]; P, =0.009) studies. A subsequent
meta-analysis of 12 studies examined the associa-
tion between the DIl and mortality and found the DIl
to be significantly associated with a 23% increase in
mortality (95% Cl, 16%-32%) in the highest versus
lowest quartiles of the DII.?527

NHANES 1999 to 2010 data from 20256 US adults
(mean, 47.5 years of age) were analyzed to evalu-
ate the relationship between dietary uricemia score
and dietary atherogenic score (which were derived
in regression models on 37 micronutrients and
macronutrients predicting levels of serum uric acid
and apoB, respectively) and all-cause and cause-
specific mortality. Individuals in the highest dietary
uricemia score quartile were at greater risk for all-
cause (HR, 1.17 [95% Cl, 1.07-2.30]), cancer (HR,
1.06 [95% Cl, 1.01-1.14]), and CVD (HR, 1.36
[95% Cl, 1.21-1.59]) mortality. Similar patterns
were noted in the dietary atherogenic score, with
those in the highest quartiles (versus those in the
lowest) experiencing increased risk for all-cause
(25%), cancer (11%), and CVD (40%) mortality.?®
A number of studies examined the relationship
between sugar intake and all- and cause-specific
mortality. A 6-year cohort study of 13440 US adults
(mean, 63.6 years of age) found that higher con-
sumption (each additional 12 oz serving per day) of
sugary beverages (HR, 1.11 [95% Cl, 1.03-1.19])
and 100% fruit juices (HR, 1.24 [95% Cl, 1.09-
1.42]) was associated with higher all-cause (but not
CHD-specific) mortality. In 2 Swedish studies (MDCS;
n=24272 and NSHDS; n=24475), higher sugar con-
sumption (>20% energy intake) was linked to higher
mortality risk (30%), and low sugar consumption
(<5% energy intake) was also associated with higher
mortality risk (23%) in the MCDS study.?%

A systematic review of 18 cohort studies
(n=251497) examined the relationship between
glycemic index and glycemic load with risk of
all-cause mortality and CVD and found no asso-
ciations between glycemic index or glycemic load
and CVD or all-cause mortality. However, a positive
association was found with all-cause mortality?®
among females with the highest (versus lowest)
glycemic index (RR, 1.17 [95% Cl, 1.02—1.35]).2°"
In an assessment of the relationship between dairy
intake and mortality, data from 3 large prospective
cohort studies with 217755 US adults showed a
dose-response relationship in which 2 daily serv-
ings of dairy were associated with the lowest CVD
mortality, and higher intake was linked to higher
mortality, especially cancer mortality. Compared
with other subtypes of dairy (eg, skim/low-fat milk,
cheese, yogurt, ice cream/sherbet), whole milk (and
additional 0.5 serving per day) was associated with
higher risks of cancer mortality (HR, 1.11 [95%
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Cl, 1.06-1.17]), CVD mortality (HR, 1.09 [95% Cl,
1.03-1.15), and total mortality (HR, 1.11 [95%
Cl, 1.09-1.14). A similar large cohort study with
45009 ltalians found no dose-response relation-
ship between dairy (eg, milk, cheese, yogurt, but-
ter) consumption and mortality, and no differences
were present between full-fat and reduced-fat milk.
However, there was a significant reduction of 25%
in risk of all-cause mortality among those consum-
ing 160 to 200 g/d (HR, 0.75 [95% Cl, 0.61-0.91])
milk versus nonconsumers. Another European study
examined the relationship between dietary protein
and protein sources and mortality among 2641
Finnish males. Higher meat intake (HR, 1.23 [95%
Cl, 1.04-1.47])) and higher ratio of animal to plant
protein (HR, 1.23 [95% Cl, 1.02-1.49]) were asso-
ciated with higher mortality. This relationship was
more pronounced among those with a history of
CVD, cancer, and type 2 diabetes. No relationships
were noted between other protein sources (eg, fish,
eggs, dairy, plant protein) and mortality.32-34

The association between nut and peanut butter
consumption and mortality has also been assessed.
In a large prospective cohort study of 566398 US
adults (50-71 years of age at baseline) with a
median follow-up of 15.5 years, nut consumption
was inversely related to mortality (HR, 0.78 [95%
Cl, 0.76-0.81]; P<0.001) and was associated
with reductions in cancer, CVD, infectious, respi-
ratory, and liver and renal disease mortality (but
not Alzheimer- or diabetes-related mortality). No
significant relationships were found between pea-
nut butter and cause-specific or all-cause mortality
(HR, 1.00 [95% Cl, 0.98-1.04]; P=0.001).3°
Moderate egg consumption and all-cause and
cause-specific?® mortality were investigated in a
large cohort of 40621 adults (29-69 years of age)
in the EPIC-Spain prospective cohort study across
18 years. Mean egg consumption was 22 g/d (SD,
15.8 g/d) in females and 30.9 g/d (SD, 23.1 g/d)
in males, and no association was found between
the highest and lowest quartiles of egg consump-
tion and all-cause mortality (HR, 1.01 [95% Cl,
0.91-1.11]; P=0.96), or cancer and CVD mortality.
However, egg consumption appears to be linked
to deaths resulting from other causes (HR, 0.76
[95% Cl, 0.63-0.93]; P=0.003), specifically ner-
vous system-related deaths (HR, 0.59 [95% Cl,
0.35-1.00]; P=0.036).°

The association between dietary choline and over-
all- and cause-specific mortality was examined in
a large, nationally representative study of 20325
US adults (mean, 47.4 years of age). It was found
that higher choline consumption is associated
with worse lipid profiles, poorer glycemic control,
and lower CRP levels (all comparisons P<0.001).

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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Those with highest compared with lowest con-
sumption had increased risk of mortality (23%),
stroke (30%), and CVD (33%) (all comparisons
P<0.001). A subsequently performed meta-analy-
sis confirmed these results and found choline to
be linked to higher mortality risk (RR, 1.12 [95%
Cl, 1.08-1.17]; ”=2.9) and CVD mortality risk (RR,
1.28[95% Cl, 1.17-1.39]; ’=9.6).%7
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Mediterranean diet on total CVD incidence (RR,
0.62 [95% ClI, 0.50-0.78]) and total Ml incidence
(RR, 0.65[95% Cl, 0.49-0.88]).%3

Another meta-analysis of 38 prospective cohort
studies showed that the RR for the highest versus
the lowest categories of Mediterranean diet adher-
ence was 0.79 (95% Cl, 0.77-0.82) for total CVD
mortality, 0.73 (95% Cl, 0.62-0.86) for CHD inci-
dence, 0.83 (95% Cl, 0.75-0.92) for CHD mortal-
ity, 0.80 (95% Cl, 0.71-0.90) for stroke incidence,
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CVH Impact of Diet 0.87 (95% Cl, 0.80-0.96) for stroke mortality, and
Dietary Patterns 0.73 (95% Cl, 0.61-0.88) for Ml incidence.*?
e The observational findings for benefits of the e Compared with a usual Western diet, a DASH-type
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Mediterranean diet have been confirmed in a large
primary prevention trial in Spain among patients
with CVD risk factors.®® The PREDIMED trial dem-
onstrated an ~30% reduction in the risk of stroke,
MI, and death attributable to cardiovascular causes
in those patients randomized to unrestricted-calorie
Mediterranean-style diets supplemented with extra-
virgin olive oil or mixed nuts,*® without changes
in body weight.*® In a subgroup analysis of 3541
patients without diabetes in the PREDIMED trial, HRs
for incident diabetes were 0.60 (95% Cl, 0.43-0.85)
for the Mediterranean diet with olive oil group and
0.82 (95% Cl, 0.61-1.10) for the Mediterranean diet
with nuts group compared with the control group.
In a randomized crossover trial of 118 overweight
omnivores at low-moderate CVD risk, a reduced-
calorie lacto-ovo-vegetarian diet was compared
with a reduced-calorie Mediterranean diet by
providing face-to-face, individual counseling ses-
sions. Both diets were equally successful in reduc-
ing body weight and fat mass. LDL-C, uric acid,
and vitamin B,, were lower during the vegetar-
ian diet, whereas triglycerides were lower during
the Mediterranean diet, without substantial dif-
ferences between oxidative stress markers and
inflammatory cytokines.

In a systematic review and meta-analysis of 29
observational studies, the RR for the highest ver-
sus the lowest category of the Mediterranean
diet was 0.81 (95% Cl, 0.74-0.88) for CVD, 0.70
(95% Cl, 0.62-0.80) for CHD/AMI, 0.73 (95% Cl,
0.59-0.91) for unspecified stroke (ischemic/hem-
orrhagic), 0.82 (95% Cl, 0.73-0.92) for ischemic
stroke, and 1.01 (95% Cl, 0.74-1.37) for hemor-
rhagic stroke.*!

In a meta-analysis of 20 prospective cohort stud-
ies, the RR for each 4-point increment of the
Mediterranean diet score was 0.84 (95% Cl,
0.81-0.88) for unspecified stroke, 0.86 (95% Cl,
0.81-0.91) for ischemic stroke, and 0.83 (95% ClI,
0.74-0.93) for hemorrhagic stroke.*?

In another systematic review, a meta-analy-
sis of 3 RCTs showed a beneficial effect of the

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

dietary pattern with low sodium reduced SBP by 5.3,
7.5,9.7, and 20.8 mmHg in adults with baseline SBP
<130, 130 to 139, 140 to 149, and 2150 mmHg,
respectively.* In a systematic review and meta-analy-
sis of controlled clinical trials of dietary pattern inter-
ventions, the DASH diet had the largest net effect on
SBP (-=7.6 mmHg) and DBP (-4.2 mmHg), whereas
the Mediterranean diet had an effect on DBP (-1.4
mmHg) but not SBP* In an umbrella review of sys-
tematic reviews, a meta-analysis of 33 controlled tri-
als showed that the DASH diet was associated with
decreased SBP (mean difference, =5.2 mmHg [95%
Cl, =7.0 to -3.4]), DBP (-2.60 mmHg [95% Cl,
-3.50 to —1.70]), TC (-0.20 mmol/L [95% Cl, —0.31
to =0.10]), LDL-C (=0.10 mmol/L [95% Cl, —0.20 to
—0.01]), HbA, (-0.53% [95% Cl, -0.62 to —0.43)]),
fasting blood insulin (=0.15 pU/mL [95% Cl, —-0.22
to —-0.08]), and body weight (-1.42 kg [95% ClI,
-2.03 to —0.82]).¢ A meta-analysis of 15 prospective
cohort studies showed that the DASH diet was asso-
ciated with decreased incident CVD (RR, 0.80 [95%
Cl, 0.76-0.85]), CHD (0.79 [95% Cl, 0.71-0.88]),
stroke (0.81 [95% Cl, 0.72-0.92]), and diabetes
(0.82 [95% Cl, 0.74-0.92]).%¢ In another systematic
review and meta-analysis of 7 prospective cohort
studies, the RR for each 4-point increment of DASH
diet score was 0.95 (95% Cl, 0.94-0.97) for CAD.¥
Compared with a higher-carbohydrate DASH diet,
a DASH-type diet with higher protein lowered BP by
1.4 mmHg, LDL-C by 3.3 mg/dL, and triglycerides
by 16 mg/dL but also lowered HDL-C by 1.3 mg/
dL. Compared with a higher-carbohydrate DASH
diet, a DASH-type diet with higher unsaturated fat
lowered BP by 1.3 mmHg, increased HDL-C by 1.1
mg/dL, and lowered triglycerides by 10 mg/dL.*®
The DASH-type diet higher in unsaturated fat also
improved glucose-insulin homeostasis compared
with the higher-carbohydrate DASH diet.*

A secondary analysis of the AHS-2 among NH
White participants showed that vegetarian
dietary patterns (vegans, lacto-ovo-vegetarians,
and pesco-vegetarians) at baseline were associ-
ated with lower prevalence of hypertension at 1
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to 3 years of follow-up compared with the non-
vegetarians: prevalence ratio was 0.46 (95% Cl,
0.25-0.83) for vegans, 0.57 (95% Cl, 0.45-0.73)
for lacto-ovo-vegetarians, and 0.62 (95% Cl,
0.42-0.91) for pesco-vegetarians. This association
remained after adjustment for BMI among the
lacto-ovo-vegetarians.>°

In a systematic review and meta-analysis of 9 pro-
spective cohort studies, higher adherence to a
plant-based dietary pattern was significantly asso-
ciated with lower risk of type 2 diabetes (RR, 0.77,
95% Cl, 0.71-0.84).”"

In a RCT of 48835 postmenopausal females, a
low-fat dietary pattern (lower fat and higher car-
bohydrate, vegetables, and fruit) intervention led
to significant reductions in breast cancer followed
by death (HR, 0.84 [95% Cl, 0.74-0.96]) and in
diabetes requiring insulin (HR, 0.87 [95% Cl,
0.77-0.98]) over a median follow-up of 19.6 years
compared with usual diet.>?

In a prospective cohort study of 105 159 adults fol-
lowed up for a median of 5.2 years, for a 10%
increment in the percentage of ultraprocessed
foods in the diet, the HR was 1.12 (95% Cl, 1.05—
1.20) for overall CVD, 1.13 (95% Cl, 1.02-1.24)
for CHD, and 1.11 (95% Cl, 1.01-1.21) for cere-
brovascular disease.>?

Fats and Carbohydrates
* In meta-analyses of RCTs comparing higher and

lower fiber intake, higher fiber intake lowered body
weight (=0.37 kg [95% Cl, —0.63 to -0.11 kg]), TC
(=0.15 mmol/L [95% Cl, —=0.22 to —0.07 mmol/L]),
and SBP (-1.27 mmHg [95% Cl, -2.50 to -0.04
mmHg]) and tended to lower HbA, (-0.54%
[95% Cl, =1.28% to 0.20%]).>* In similar meta-
analyses of RCTs for whole grains and glycemic
index, higher whole grain intake only significantly
reduced body weight (-0.62 kg [95% Cl, -1.19 to
-0.05 kg]), whereas no consistent health effects
were found for glycemic index. In meta-analyses
of observational studies, higher total dietary fiber
intake was associated with a lower risk of incident
CHD (RR, 0.76 [95% ClI, 0.69-0.83]), CHD mortal-
ity (RR, 0.69 [95% Cl, 0.60-0.81]), and incident
stroke (RR, 0.78 [95% Cl, 0.69-0.88]).5 Higher
whole grain intake was associated with a lower risk
of incident CHD (RR, 0.80 [95% Cl, 0.70-0.91]),
CHD mortality (RR, 0.66 [95% Cl, 0.56-0.77]),
and stroke death (RR, 0.74 [95% Cl, 0.58-0.94]).
Evidence for associations between glycemic index,
glycemic load, and source of dietary fiber and CVD
outcomes was less robust.

In a randomized trial of 609 nondiabetic partici-
pants with a BMI of 28 to 40 kg/m? that com-
pared the effects of healthy low-fat and healthy
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low-carbohydrate weight loss diets, weight loss at
12 months did not differ between groups.?

In a meta-analysis of RCTs, consumption of 1% of
calories from trans fat in place of SFAs, MUFAs,
or PUFAs increased the ratio of TC to HDL-C by
0.031, 0.054, and 0.67; increased apoB levels by
3, 10, and 11 mg/L; decreased apolipoprotein A-1
levels by 7, 5, and 3 mg/L; and increased Lp(a) lev-
els by 3.8, 1.4, and 1.1 mg/L, respectively.>

A meta-analysis of 102 randomized controlled
feeding trials evaluated the effects of exchanging
different dietary fats and carbohydrates on mark-
ers of glucose-insulin homeostasis.>® Replacing
5% energy from carbohydrates with SFAs gener-
ally had no significant effects, whereas replacing
carbohydrates with unsaturated fats lowered both
HbA,_and insulin. On the basis of gold-standard
short-term insulin response in 10 trials, PUFAs
improved insulin secretion compared with carbo-
hydrates, SFAs, and even MUFAs.

Gut microbiota is associated with the risk of obe-
sity, type 2 diabetes, and many other cardiometa-
bolic diseases. In a 6-month randomized controlled
feeding trial of 217 healthy young adults with BMI
<28 kg/m?, the high-fat diet (fat 40% energy)
had overall unfavorable effects on gut microbi-
ota: increased Alistipes (P=0.04) and Bacteroides
(P<0.001) and decreased Faecalibacterium
(P=0.04). The low-fat diet (fat, 20% energy)
appeared to have beneficial effects on gut microbi-
ota: increased a-diversity assessed by the Shannon
index (P=0.03) and increased abundance of Blautia
(P=0.007) and Faecalibacterium (P=0.04).>

In the WHI RCT (n=48835), reduction of total fat
consumption from 37.8% energy (baseline) to
24.3% energy (at 1 year) and 28.8% energy (at 6
years) had no effect on incidence of CHD (RR, 0.98
[95% Cl, 0.88-1.09]), stroke (RR, 1.02 [95% Cl,
0.90-1.15)), or total CVD (RR, 0.98 [95% Cl, 0.92—
1.05]) over a mean follow-up of 8.1 years.>® In a
matched case-control study of 2428 postmeno-
pausal females nested in the WHI Observational
Study, higher plasma phospholipid long-chain
SFAs (OR, 1.18 [95% Cl, 1.09-1.28]) and lower
PUFA n-3 (OR, 0.93 [95% Cl, 0.88-0.99]) were
associated with increased CHD risk. Replacing 1
mol% PUFA n-6 or trans fatty acid with an equiva-
lent amount of PUFA n-3 was associated with 10%
lower CHD risk (OR, 0.90 [95% Cl, 0.84-0.96]).>°
In a study using NHANES 2007 to 2014 data
(n=18434 participants), ORs for newly diagnosed
hypertension comparing the highest and lowest
tertiles were 0.60 (95% Cl, 0.50-0.73) for dietary
n-3 fatty acids, 0.52 (95% Cl, 0.43-0.62) for
dietary n-6 fatty acids, and 0.95 (95% Cl, 0.79-
1.14) for n-6:n-3 ratio.®

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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¢ In a prospective study of 3042 CVD-free adults fol-

lowed up for a mean of 8.4 years, exclusive olive
oil use was inversely associated with the risk of
developing CVD (RR, 0.07 [95% Cl, 0.01-0.66))
compared with no olive oil consumption.®' In the
same study, adults with =50 mg/dL Lp(a) had 2
times higher CVD risk than those with <50 mg/
dL Lp(a) (HR, 2.18 [95% Cl, 1.11-4.28]), driven
mainly by the Lp(a) effect in males.®?

Foods and Beverages
® In a systematic review and dose-response meta-

analysis of 123 prospective studies, the risk of
CHD, stroke, and HF was inversely associated with
consumption of whole grain, vegetables and fruits,
nuts, and fish.?3 In contrast, the risk of these condi-
tions was positively associated with consumption
of egg, red meat, processed meat, and SSBs.

In a systematic review and meta-analysis, RCTs
in children demonstrated reductions in BMI gain
when SSBs were replaced with noncaloric bev-
erages, and RCTs in adults showed weight gain
when SSBs were added.®* In a prospective cohort
of 5775 participants, the HR for the highest versus
the lowest quartile of SSB consumption was 1.21
(95% Cl, 1.02-1.45) for hypertension.5®

In a meta-analysis of 16 prospective cohort stud-
ies, each daily serving of fruits or vegetables was
associated with a 4% lower risk of cardiovascular
mortality (RR, 0.96 [95% Cl, 0.92-0.99]).%

In a prospective study of 512891 adults in China
(only 18% consumed fresh fruit daily), individuals
who ate fresh fruit daily had 40% lower risk of
CVD death (RR, 0.60 [95% Cl, 0.54-0.67]), 34%
lower risk of incident CHD (RR, 0.66 [95% Cl,
0.58-0.75]), 25% lower risk of ischemic stroke
(RR, 0.75 [95% ClI, 0.72-0.79]), and 36% lower
risk of hemorrhagic stroke (RR, 0.64 [95% Cl,
0.56-0.74]).%

In a meta-analysis of 45 prospective studies, whole
grain intake was associated with a lower risk of
CHD (HR, 0.81 [95% Cl, 0.75-0.87]) and CVD (HR,
0.78 [95% Cl, 0.73-0.85]) but was not signifi-
cantly associated with stroke (HR, 0.88 [95% Cl,
0.75-1.03]).%8 In another meta-analysis of 8 cohort
or case-control studies, whole grain or cereal fiber
intake was inversely associated with type 2 diabe-
tes (RR, 0.68 [95% Cl, 0.64-0.73]).%°

In a meta-analysis of 14 prospective cohort stud-
ies, every 20-g/d higher intake of fish was associ-
ated with 4% reduced risk of CVD mortality (RR,
0.96 [95% Cl, 0.94-0.98]).7° The association was
stronger in Asian cohorts than Western cohorts. In
the REGARDS study, individuals who consumed >2
servings of fried fish per week had a greater risk of
CVD over 5.1 years of follow-up than those who
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consumed <1 serving per month (HR, 1.63 [95%
Cl, 1.11-2.40])."

In a meta-analysis of prospective cohort and
case-control studies from multiple countries,
consumption of unprocessed red meat was not
significantly associated with incidence of CHD.
In contrast, each 50-g serving per day of pro-
cessed meats was associated with a higher inci-
dence of CHD (RR, 1.42 [95% Cl, 1.07-1.89]).7?
In an RCT (n=113 healthy adults), LDL-C and
apoB were significantly higher with red and
white meat than with nonmeat consumption for
4 weeks, regardless of SFA content. Regardless
of protein source, high SFA content (=14% total
energy) significantly increased LDL-C, apoB, and
large LDL particles compared with low SFA con-
tent (=7% total energy).”?

In a study of 169310 female nurses and 41526
male health professionals, consumption of 1
serving of nuts =5 times per week was associ-
ated with lower risk of CVD (HR, 0.86 [95%
Cl, 0.79-0.93]) and CHD (HR, 0.80 [95% Cl,
0.72-0.89]) compared with never or almost
never consuming nuts. Results were largely con-
sistent for peanuts, tree nuts, and walnuts.” In
a meta-analysis of 61 trials (n=2582), tree nut
consumption lowered TC by 4.7 mg/dL, LDL-C
by 4.8 mg/dL, apoB by 3.7 mg/dL, and triglycer-
ides by 2.2 mg/dL. No heterogeneity by nut type
was observed.” In another meta-analysis of 5
prospective observational studies, consumption
of legumes (beans) was associated with lower
incidence of CHD (RR per 4 weekly 100-g serv-
ings, 0.86 [95% Cl, 0.78-0.94]).7¢

Results from a meta-analysis of 17 prospective
observational studies showed that neither dairy
consumption nor dairy fat was significantly associ-
ated with higher or lower risk of CHD.””

In a crossover RCT (n= 25 normocholesterol-
emic and 27 moderately hypercholesterolemic
participants), 8-week consumption of moderate
amounts of a soluble green/roasted (35:65) cof-
fee blend significantly reduced TC, LDL-C, very-
low-density lipoprotein cholesterol, triglycerides,
SBP, DBP, heart rate, and body weight among
moderately hypercholesterolemic participants.
The beneficial influence on SBP, DBP, heart rate,
and body weight was also observed in healthy
participants.”®

In a cross-sectional study of 12285 adults, for
males, consumption of >30 g alcohol per day was
significantly associated with a higher risk of MetS
(OR, 1.73 [95% Cl, 1.25-2.39]), HBP (OR, 2.76
[95% Cl, 1.64-4.65]), elevated blood glucose
(OR, 1.70 [95% ClI, 1.24-2.32]), and abdomi-
nal obesity (OR, 1.77 [95% Cl, 1.07-2.92])
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compared with nondrinking.” In males, drinkers
at all levels had a lower risk of coronary disease
than nondrinkers, whereas alcohol consumption
was not associated with the risk of hypertension
or stroke.® In females, consumption of 10.1 to
15.0 g alcohol per day was associated only with
a higher risk of elevated blood glucose (OR, 1.65
[95% Cl, 1.14-2.38]) compared with nondrink-
ing.”? Compared with nondrinkers, consumption
of 0.1 to 10.0 g alcohol per day was associ-
ated with a lower risk of coronary disease and
stroke, and consumption of 0.1 to 15.0 g/d was
associated with a lower risk of hypertension in
females.®

Sodium, Potassium, Phosphorus, and Magnesium
* In a meta-regression analysis of 133 RCTs, a

100-mmol/d (2300-mg/d) reduction in sodium was
associated with a 7.7-mmHg (95% Cl, -10.4 to
-5.0) lower SBP and a 3.0-mmHg (95% Cl, -4.6
to —1.4) lower DBP among people with >131/78
mmHg SBP/DBP. The association was weak in peo-
ple with <131/78 mmHg SBP/DBP: A 100-mmol/
day reduction in sodium was associated with a
1.46-mmHg (95% Cl, -2.7 to -0.20) lower SBP
and a 0.07-mmHg (95% Cl, -1.5 to 1.4) lower
DBP8' The effects of sodium reduction on BP
appear to be stronger in individuals who are older,
hypertensive, and Black.88

In a systematic review and nonlinear dose-response
meta-analysis of 14 prospective cohort studies and
1 case-control study, a 1-g/d increment in sodium
intake was associated with a 6% increase in stroke
risk (RR, 1.06 [95% Cl, 1.02-1.10]), and a 1-unit
increment in dietary sodium-to-potassium ratio
(millimoles per millimole) was associated with a
22% increase in stroke risk (RR, 1.22 [95% Cl,
1.04-1.41)).%

Nearly all observational studies demonstrate an
association between higher estimated sodium
intakes (eg, >4000 mg/d) and a higher risk of CVD
events, in particular stroke.®-°" Some studies have
also observed higher CVD risk at estimated low
intakes (eg, <3000 g/d), which suggests a poten-
tial J-shaped relationship with risk.

An AHA science advisory suggested that varia-
tion in methodology might account for inconsis-
tencies in the relationship between sodium and
CVD in observational studies. Increased risk at
low sodium intake in some observational studies
could be related to reverse causation (illness caus-
ing low intake) or imprecise estimation of sodium
intake through a single dietary recall or a single
urine excretion.®

Post hoc analyses of the TOHP with 10 to 15 years
of follow-up found that participants randomized
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to sodium reduction had a 25% decrease in CVD
risk (RR, 0.75[95% Cl, 0.57-0.99]) compared with
those randomized to control.®°

In an observational analysis of TOHP participants
not assigned to an active sodium reduction inter-
vention, sodium-potassium ratio was linearly asso-
ciated with risk of CVD over 10 to 15 years of
follow-up (RR, 1.24 per unit [95% ClI, 1.05-1.46];
P=0.01).%°

In a longer-term (median, 24 years) post hoc
analysis of the TOHP (median of five 24-hour
urine measurements), every 1-unit increase in
sodium-potassium ratio was associated with a
13% higher risk of death (HR, 1.13 [95% ClI,
1.01-1.27]; P=0.04).°"

In a secondary analysis of the PREMIER trial,
changes in phosphorus intake were not signifi-
cantly associated with changes in BP. Phosphorus
type (plant, animal, or added) significantly modi-
fied this association, with only added phos-
phorus associated with increases in SBP (mean
coefficient, 1.24 mmHg/100 mg [95% Cl, 0.36—
2.12]) and DBP (0.83 mmHg/100 mg [95% Cl,
0.22-1.44]). An increase in urinary phosphorus
excretion was significantly associated with an
increase in DBP (0.14 mmHg/100 mg [95% Cl,
0.01-0.28]).*?

In a systematic review and meta-analysis of 18
prospective cohort studies, the highest magne-
sium intake category was associated with an
11% decrease in total stroke risk (RR, 0.89 [95%
Cl, 0.83-0.94]) and a 12% decrease in ischemic
stroke risk (RR, 0.88 [95% Cl, 0.81-0.95]) com-
pared with the lowest magnesium intake category.
After further adjustment for calcium intake, the
inverse association remained for total stroke (RR,
0.89 [95% Cl, 0.80-0.99]).%

Dietary Supplements
¢ In an RCT of 15480 adults with diabetes and

no history of ASCVD, 1 g n-3 fatty acids had no
effect on first serious vascular event (RR, 0.97
[95% CI, 0.87-1.08]) or a composite outcome
of first serious vascular event or revasculariza-
tion (RR, 1.00 [95% Cl, 0.91-1.09]) or mortality
(RR, 0.95 [95% ClI, 0.86-1.05]) compared with
placebo (1 g olive oil).%*

A 2017 AHA scientific advisory statement sum-
marized available evidence and suggested fish oil
supplementation only for secondary prevention of
CHD and SCD (Class lla recommendation) and for
secondary prevention of outcomes in patients with
HF (Class lla recommendation).®>

A meta-analysis of 77917 participants in 10 RCTs
with =500 participants treated for >1 year found
that fish oil supplementation (EPA dose range,
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226-1800 mg/d; DHA dose range, 0-1700
mg/d) had no significant effect on CHD death
(RR, 0.94 [95% Cl, 0.81-1.03]), nonfatal MI (RR,
0.97 [95% ClI, 0.87-1.08]), or any CHD events
(RR, 0.97 [95% ClI, 0.93-1.01]).°® However, an
updated meta-analysis of 124477 participants
(that included additional data from 3 large RCTs)
found that marine omega-3 supplementation
significantly lowered the risk of MI (RR, 0.92
[95% Cl, 0.86-0.99]; P=0.020), CHD death (RR,
0.92 [95% Cl, 0.86-0.98]; P=0.014), total CHD
(RR, 0.95 [95% ClI, 0.91-0.99]; P=0.008), CVD
death (RR, 0.93 [95% Cl, 0.88-0.99]; P=0.013),
and total CVD (RR, 0.97 [95% ClI, 0.94-0.99];
P=0.015). In addition, significant linear dose-
response risk reductions were found for total
CVD and major vascular events.®’

An observational study of 197761 US veterans
assessed omega-3 fatty acid supplement use and
fish intake years on ischemic stroke over 3.2 years
(2.2-4.3 years) and incident nonfatal CAD over 3.6
(2.4-4.7 years). It was found that omega-3 fatty
acid supplement use was independently associ-
ated with a decreased risk of ischemic stroke (HR,
0.88 [95% Cl, 0.81-0.95]) but not with nonfatal
CAD. Fish intake was not independently associ-
ated with either outcome.*®

In an RCT of 25871 adults (males =50 years of
age and females =55 years of age), the effects
of daily supplementation of 2000 IU vitamin
D and 1 g marine n-3 fatty acids on the pre-
vention of cancer and CVD were examined.*
Vitamin D had no effect on major cardiovascular
events (HR, 0.97 [95% Cl, 0.85-1.12]), cancer
(HR, 0.96 [95% Cl, 0.88-1.06]), or any second-
ary outcomes. Marine n-3 fatty acid supplemen-
tation had no effect on major cardiovascular
events (HR, 0.92 [95% Cl, 0.80-1.06]), invasive
cancer (HR, 1.03 [95% Cl, 0.93-1.13]), or any
secondary outcomes.

A secondary RCT data analysis study conducted
across 3 years with 161 patients with advanced HF
assessed the effects of daily vitamin D supplemen-
tation of 4000 IU on lipid parameters (TC, HDL-C,
LDL-C, TC/HDL-C ratio, LDL-C/HDL-C ratio, and
triglycerides) and vascular calcification parameters
(fetuin-A and dp-ucMPG). Long-term vitamin D
supplementation did not improve lipid profiles
and did not affect vascular calcification mark-
ers in these patients. In addition, no sex-specific
vitamin D effects were found.'® A similar study,
a post hoc analysis of the EVITA trial, assessing
daily vitamin D, supplementation of 4000 IU also
found no improvement in cardiac function among
patients with advanced HF. However, subgroup
analyses among those >50 years of age indicated
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improvements of 2.73% in LVEF (95% Cl, 0.14%—
5.31%) at the 12-month follow-up and 2.60%
(95% Cl, =2.47% to 7.67%) improvement at the
36-month follow-up.'’

A Cochrane review of 1 RCT with 1355 females
(with previous preeclampsia) from various hospi-
tal sites in Argentina, South Africa, and Zimbabwe
who began calcium supplementation before con-
ception (500 mg daily until 20 weeks’ gestation)
found that calcium made little to no difference in
developing serious health problems during preg-
nancy, including preeclampsia’®? (RR, 0.80 [95%
Cl, 0.61-1.06]; P=0.121, low-quality evidence),
severe maternal morbidity and mortality (RR, 0.93
[95% Cl, 0.68-1.26]; low-quality evidence), preg-
nancy loss or stillbirth at any age (RR, 0.83 [95%
Cl, 0.61-1,14]; low-quality evidence), or a cesar-
ean section (RR, 1.11 [95% Cl, 0.96-1,28; low-
quality evidence). Calcium was found to slightly
reduce the risk of a composite outcome of pre-
eclampsia or pregnancy loss or stillbirth at any age
(RR, 0.82 [95% Cl, 0.66-1.00; low-quality evi-
dence). Results should be interpreted with caution,
particularly because =25% of the sample was lost
to follow-up.'%3

The VITAL-HF, an ancillary study of the VITAL
RCT, examined whether vitamin D, (2000 1U/d) or
marine omega-3 fatty acids (n-3) (1 g/d, includ-
ing EPA 460 mg+ DHA 380 mg) were associated
with first HF-related hospitalization or recurrent
hospitalization for HF among 25871 adults with
HF between 2011 and 2017. No significant rela-
tionships were found between either vitamin D
or n-3 fatty acid supplementation and first HF
hospitalization. However, marine n-3 supplemen-
tation (326 events) significantly reduced recur-
rent HF hospitalization compared with placebo
(379 events) (HR, 0.86 [95% ClI, 0.74-0.998];
P=0.048).1%4

A secondary analysis of the WHI examining the
efficacy of calcium and vitamin D supplementa-
tion on AF prevention found that calcium and
vitamin D had no reduction in incidence of AF
compared with placebo (HR, 1.02 [95% Cl, 0.92—
1.13]). Although a relationship between baseline
CVD risk factors and vitamin D deficiency was
present, no significant association was found
between baseline 25-hydroxyvitamin D serum
levels and incident AF (HR, 0.92 in lowest ver-
sus highest subgroup [95% Cl, 0.66-1.28]).
Similarly, using data from the WHI RCT, another
study examined whether calcium and vitamin D
supplementation (1000 mg elemental calcium
carbonate and 400 IU vitamin D./d) moderated
the effects of premenopausal hormone therapy
on CVD events among 27 347 females. Females
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reporting prior hysterectomy (n=16608) were
randomized to the conjugated equine estro-
gens (0.625 mg/d)+medroxyprogesterone (2.5
mg/d) trial, and those without prior hysterec-
tomy (n=10,739) were randomized to the conju-
gated equine estrogen trial (0.625 mg/d). In the
conjugated equine estrogen trial, receiving cal-
cium and vitamin D was associated with lowered
stroke risk (HR, 0.49 [95% Cl, 0.25-0.97]). In
both trials, in females with a low intake of vita-
min D, a significant synergist effect of calcium
and vitamin D and hormone therapy on LDL-C
was observed (P=0.03).7%

e Meta-analyses of RCTs examining the effects of
multivitamins, vitamin D, calcium, vitamin C,
B-complex, antioxidants, and vitamin B, (niacin)
have demonstrated no salutary cardiovascular
benefits.%

¢ An umbrella review of 10 systematic reviews and
meta-analyses examined the relationship between
vitamin C supplementation and CVD biomarkers
(ie, cardiovascular arterial stiffness, BP, lipid pro-
file, endothelial function, and glycemic control)
and found weak evidence for salutary effects from
vitamin C supplementation on CVD biomarkers.
However, subgroup analyses revealed that specific
groups of participants (ie, those who were older
or with higher BMI, elevated CVD risk, and lower
intake of vitamin C) may benefit from vitamin C
supplementation.'®”

e A 2-sample mendelian randomization study
including 7781 individuals of European descent
examined the relationship between vitamin E
and risk of CAD and found higher vitamin E to
be associated with a higher risk of CAD and MI.
Specifically, each 1-mg/L increase in vitamin E was
significantly associated with CAD (OR, 1.05 [95%
Cl, 1.03-1.06]), Ml (OR, 1.04 [95% Cl 1.03-
1.05]), elevated TC (SD, 0.043 [95% ClI, 0.038-
0.04]), LDL-C (SD, 0.021 [95% Cl, 0.016-0.027]),
triglycerides (SD, 0.026 [95% Cl, 0.021-0.031]),
and lower levels of HDL-C (SD, -0.019 [95% Cl,
-0.024 to -0.014]).1%®

¢ Meta-analyses of folic acid RCTs suggested reduc-
tions in stroke risk (RR, 0.80 [95% Cl, 0.69-
0.93]) and CVD (RR, 0.83 [95% Cl, 0.73-0.93)),
although the benefit was driven mainly by the
China Stroke Primary Prevention Trial, a large RCT
of 20702 adults with hypertension and no history
of stroke or MI.1%°

Cost

The US Department of Agriculture reported that the
Consumer Price Index for all food increased by 1.9%
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in 2019."° Prices for foods eaten at home increased
by 0.9% in 2019, whereas prices for foods eaten
away from home increased by 3.1%.""° Using data
from Euromonitor International, the US Department
of Agriculture calculated the share of consumer
expenditures attributed to food in multiple countries
in 2018. The proportion of consumer expenditures
spent on food ranged from 6.4% in the United States
t0 9.1% in Canada, 23.4% in Mexico, and 59.0% in
Nigeria.'"

Cost of a Healthy Diet

e A meta-analysis of price comparisons of healthy
versus unhealthy diet patterns found that the
healthiest diet patterns cost, on average, ~$1.50
more per person per day to consume.'"?

* In a 1-year (2013-2014) RCT of 30 after-school
programs in South Carolina, site leaders in the
intervention group received assistance in establish-
ing snack budgets and menus and identifying low-
cost outlets to purchase snacks that met healthy
eating standards. The intervention was successful
in increasing the number of days that fruits and
vegetables were served (3.9 d/wk versus 0.7 d/
wk) and decreasing the number of days that SSBs
(0.1 d/wk versus 1.8 d/wk) and sugary foods (0.3
d/wk versus 2.7 d/wk) were served.'” Cost in the
intervention group was minimized by identifying
low-cost grocery outlets or large bulk warehouse
stores; cost increased by $0.02 per snack in the
intervention group compared with a $0.01 per
snack decrease in the control group.

Healthy Diet and Health Care Cost Savings

e A study evaluated the health care costs asso-
ciated with following the Healthy US-Style
eating pattern (measured by the HEI) and the
Healthy Mediterranean-Style (measured by the
Mediterranean diet score) and found that a 20%
increase in compliance with the HEl was esti-
mated to result in annual cost savings of $31.5
billion (range, $23.9 to $38.9 billion). Half of the
cost savings were attributed to the reduction in
costs associated with CVD, whereas the other
half were attributed to cancer and type 2 diabe-
tes cost reductions. Similarly, a 20% increase in
conformance with the Mediterranean diet score
resulted in annual cost savings of $16.7 billion
(range, $6.7 to $25.4 billion). The biggest con-
tributors to these costs savings were HD ($5.4
billion), type 2 diabetes ($4.6 billion), Alzheimer
disease ($2.6 billion), stroke ($1.0 billion), and,
to a lesser degree, site-specific cancer (<$1
billion)."4

® Based on combined data from NHANES (2013-
2016) and a community-based randomized trial
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of cash and subsidized CSA intervention, a micro-
simulation model was developed to assess the
cost-effectiveness of improving dietary quality (as
measured by the HEI) on CVD and type 2 diabetes
in low-income US adults. The implementation of
the model in the short term (10-year time horizon)
and long term (life-course time horizon) dem-
onstrated that both a cash transfer ($300) and
subsidized CSA ($300/y subsidy) lowered total dis-
counted DALYs accumulated over the life course
attributable to CVD and diabetes complications
from 24797 per 10000 people (95% Cl, 24584—
25001) at baseline to 23463 per 10000 (95% Cl,
23241-23666) under the cash intervention and
22304 per 10000 (95% Cl, 22084-22510) under
the CSA intervention. Both interventions dem-
onstrated ICERs <$100000 per prevented DALY,
with the cash transfer being more effective in the
short term and the CSA being equally cost-effec-
tive in the long-term, highlighting cost savings to
society of —=$191 100 per DALY averted (95% Cl,
-191767 to —188919) for the cash intervention
and —$93 182 per DALY averted (95% Cl, =93 707
to =92 503) for the CSA intervention.'"

Cost-Effectiveness of Sodium Reduction and SSB
Tax
¢ A global cost-effectiveness analysis modeled the
cost-effectiveness of a so-called soft regulation
national policy to reduce sodium intake in coun-
tries around the world using the UK experience
(government-supported industry agreements,
government monitoring of industry compliance,
public health campaign).'® Model estimates
were based on sodium intake, BP, and CVD
data from 183 countries. Country-specific cost
data were used to estimate the CER, defined as
purchasing power parity—adjusted international
dollars (equivalent to country-specific purchas-
ing power of US $1) per DALY saved over 10
years. Globally, the estimated average CER was
$204 (international dollars) per DALY (95% Cl,
149-322) saved. The estimated CER was highly
favorable in high-, middle-, and low-income
countries. A US study examined cost-effective-
ness of implementing voluntary sodium target
reformulation among people ever working in
the food system and those in the processed food
industry and found benefits in both. Achieving
FDA reformulations across 10 years could lead
to 20-year health gains in those who had ever
worked in the food system of 180000 QALYs
(95% Ul, 150000-209000) and health care-
related savings of $5.2 billion (95% Ul, 3.5-8.3
billion) with an ICER of $62 000 (95% Ul, 1000-
171 000) per each gained QALY. Those working
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in the processed food industry could see similar
improvements of 32000 gained QALYs (95% UlI,
27000-37000), health cost savings of $1 bil-
lion (95% UI, 0.7-1.6 billion), and an ICER of
$486 000 (95% UI, 148000-1094 000) for each
gained QALY. The long-term reformulation would
cost the industry $16.6 billion (95% Ul, 12-31
billion). This highlights that potential health
benefits and cost-savings are greater than the
costs associated with sodium reformulation.'”

¢ Apolicy review of worldwide consumption of SSBs
found that SSB consumption has increased signif-
icantly, which is problematic given the mounting
evidence illustrating the association between high
SSB daily intake and heightened risk of obesity
and CVD. This review also presents evidence in
support of an SSB tax because its effectiveness in
lowering SSB consumption in several countries to
date."'8 In the United States, a validated microsim-
ulation model (CVD PREDICT) was used to assess
cost-effectiveness, CVD reductions, and QALYs
gained as a result of imposing a penny-per-ounce
tax on SSBs. Cost savings were identified for the
US government ($106.56 billion) and private sec-
tor ($15.60 billion). A 100% price pass-through
led to reductions of 4494 (2.06%) of lifetime M
events (95% Ul, 2640-6599) and 1540 (1.42%)
total IHD deaths (95% UI, 995-2118) versus no
tax and to a gain of 0.020 lifetime QALYs. The
lifetime cost to the beverage industry is $0.92 bil-
lion (or $49.72 billion if electing to absorb half
the proposed SSB tax)."™ Similar evidence was
found in the Philippines, where a 13%/L SSB tax
was associated with fewer deaths resulting from
diabetes (-5913), IHD (-10 339), and stroke
(=7950) across 20 years and also averting 13890
cases of catastrophic expenditure. In addition,
health care savings of $627 million and annual
revenue increases of $813 million were projected
over 20 years.'?°

Global Trends in Key Dietary Factors

Analysis of SSB sales data suggests that the regions in
the world with the highest SSB consumption are North
America, Latin America, Australasia, and Western
Europe.'? A number of countries and US cities have
implemented SSB taxes. In Mexico, a 1-peso per liter
excise tax was implemented in January 2014. In a
study using store purchase data from 6645 Mexican
households, posttax volume of beverages purchased
decreased by 5.5% in 2014 and by 9.7% in 2015 com-
pared with predicted volume of beverages purchased
based on pretax trends. Although all socioeconomic
groups experienced declines in SSB purchases, the low-
est socioeconomic group had the greatest decline in
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SSB purchases (9.0% in 2014 and 14.3% in 2015).1??
In Berkeley, CA, a 1-cent per ounce SSB excise tax was
implemented in January 2015.'2 According to store-
level data, posttax year 1 SSB sales declined by 9.6%
compared with SSB sales predicted from pretax trends.
In comparison, SSB sales increased by 6.9% in non-
Berkeley stores in adjacent cities.

In 2010, mean sodium intake among adults world-
wide was 3950 mg/d.'?* Across world regions, mean
sodium intakes were highest in Central Asia (5510
mg/d) and lowest in eastern sub-Saharan Africa (2180
mg/d). Across countries, the lowest observed mean
national intakes were =1500 mg/d. Between 1990 and
2010, global mean sodium intake appeared to remain
relatively stable, although data on trends in many world
regions were suboptimal.

In a systematic review of population-level sodium
initiatives, reduction in mean sodium intake occurred
in 5 of 10 initiatives.’? Successful population-level
sodium initiatives tended to use multiple strategies
and included structural activities such as food product
reformulation. For example, the United Kingdom initi-
ated a nationwide salt reduction program in 2003 to
2004 that included consumer awareness campaigns,
progressively lower salt targets for various food cat-
egories, clear nutritional labeling, and working with
industry to reformulate foods. Mean sodium intake
in the United Kingdom decreased by 15% from 2003
to 2011,?® along with concurrent decreases in BP
(3.0/1.4 mmHg) in patients not taking antihyperten-
sive medication, stroke mortality (42%), and CHD
mortality (40%; P<0.001 for all comparisons); these
findings remained statistically significant after adjust-
ment for changes in demographics, BMI, and other
dietary factors.
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Global Burden
(See Chart 5-6)

e The GBD 2019 Study '?” used statistical models and
data on incidence, prevalence, case fatality, excess
mortality, and cause-specific mortality to estimate
disease burden for 369 diseases and injuries and
87 risk factors in 204 countries and territories. The
age-standardized mortality attributable to dietary
risks is highest in Central Asia (Chart 5-6).

e An updated report from the GBD 2019 Study
estimated the impact of 15 dietary risk factors
on mortality and DALYs worldwide using a com-
parative risk assessment approach.’” In 2019, an
estimated 7.9 million deaths (95% Ul, 6.5-9.8
million; 14% of all deaths) and 188 million DALYs
(95% Ul, 156225 million; 7% of all DALYs) were
attributable to dietary risks. The leading dietary
risk factors were high sodium intake (1.9 million
[95% Ul, 0.5-4.2 million] deaths), low whole
grain intake (1.8 million [95% UI, 0.9-2.3 mil-
lion] deaths), and low legume intake (1.1 million
[95% Ul, 0.3-1.8 million] deaths). Countries with
low-middle Socio-Demographic Index and middle
Socio-Demographic Index had the highest age-
standardized rates of diet-related deaths (119
[95% Ul, 96-147] and 116 [95% UI, 92-147]
deaths per 100000 population), whereas coun-
tries with high Socio-Demographic Index had
the lowest age-standardized rates of diet-related
deaths (56 [95% Ul, 47-69] deaths per 100000
population). Age-standardized diet-related death
rates decreased between 1990 to 2019 from 154
(95% Ul, 128-186) to 101 (95% UI, 82-124)
deaths per 100000 population, although the
proportion of deaths attributable to dietary risks
was largely stable.
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Table 5-1. AHA Dietary Targets and Healthy Diet Score for Defining Cardiovascular Health

Consumption range for Alternative scoring
AHA target alternative healthy diet score* range*
Primary dietary metricst
Fruits and vegetables 24.5 cups/d+ 0 to 24.5 cups/d# 0-10
Fish and shellfish 2 or more 3.5-0z servings/wk 0 to 27 oz/wk 0-10
(=200 g/wk)
Sodium <1500 mg/d <1500 to >4500 mg/d 10-0
SSBs <36 fl oz/wk <36 to >210 fl oz/wk 10-0
Whole grains 3 or more 1-oz-equivalent servings/d | 0 to =3 oz/d 0-10
Secondary dietary metricst
Nuts, seeds, and legumes >4 servings/wk (nuts/seeds, 1 0z; 0 to >4 servings/d 0-10
legumes, ¥4 cup)
Processed meats 2 or fewer 1.75-0z servings/wk <3.5t0 >17.5 oz/wk 10-0
(<100 g/wk)
Saturated fat <7% energy <7 to >15 (percent energy) 10-0
AHA Diet Score (primary) Ideal: 4 or 5 dietary targets (=80%) Sum of scores for primary metrics 0 (worst)~100 (best)§
Intermediate: 2 or 3 dietary targets Ideal: 80-100
(40%-79%) Intermediate: 40-79
Poor: <2 dietary targets (<40%) Poor: <40
AHA Diet Score (secondary) Ideal: 4 or 5 dietary targets (>80%) Sum of scores for primary and 0 (worst)-100 (best)§
Intermediate: 2 or 3 dietary targets secondary metrics Ideal: 80-100
(40%—-79%) Intermediate: 40-79
Poor: <2 dietary targets (<40%) Poor: <40

AHA indicates American Heart Association; and SSBs, sugar-sweetened beverages.

*Consistent with other dietary pattern scores, the highest score (10) was given for meeting or exceeding the AHA target (eg, at least 4.5 cups of fruit and
vegetables per day; no more than 1500 mg/d sodium), and the lowest score (0) was given for zero intake (protective factors) or for very high intake (harmful factors).
The score for each metric was scaled continuously within this range. For harmful factors, the level of high intake that corresponded to a score of zero was identified
as approximately the 90th percentile distribution of US population intake.

tSelected by the AHA on the basis of evidence for likely causal effects on cardiovascular events, diabetes, or obesity; a general prioritization of food rather
than nutrient metrics; consistency with US and AHA dietary guidelines; ability to measure and track these metrics in the US population; and parsimony, that is, the
inclusion of as few components as possible that had minimal overlap with each other while at the same time having some overlap with the many other relevant
dietary factors that were not included.? The AHA dietary metrics should be targeted in the context of a healthy diet pattern that is appropriate in energy balance and
consistent with a DASH (Dietary Approaches to Stop Hypertension)-type eating plan, including but not limited to these metrics.

$Including up to one 8-0z serving per day of 100% fruit juice and up to 0.42 cups/d (3 cups/wk) of starchy vegetables such as potatoes or corn.

§The natural range of the primary AHA Diet Score is O to 50 (5 components), and the natural range of the secondary AHA Diet Score is O to 80 (8 components).
Both scores are then rescaled to a range of 0 to 100 for comparison purposes. The ideal range of the primary AHA Diet Score corresponds to the AHA scoring system
of meeting at least 4 of 5 binary dietary targets (280%); the intermediate range corresponds to meeting 2 or 3 dietary targets (40%-79%); and the poor range
corresponds to meeting <2 dietary targets (<40%). The same ranges are used for the secondary AHA Diet Score for consistency and comparison.

Sources: Data derived from AHA's My Life Check-Life’s Simple 7,2 Lloyd-Jones et al,*> and Rehm et al.’?®
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Table 5-2. Trends in Key Dietary Components Among US Adults, NHANES 2003 to 2004 to NHANES 2015 to 2016

Survey-weighted mean/percentages (95% Cl)*
P for
AHA Score 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 Trend
Primary 19.0 19.9 19.5 20.9 21.2 21.0 20.8 <0.001
(18.1-20.0) (19.2-20.6) (18.7-20.3) (20.5-21.4) (20.4-21.9) (20.3-21.7) (19.9-21.6)
Fruits and vegetables | 5.0 5.0 4.9 5.1 5.1 4.9 438 0.18
(4.7-5.3) (4.8-5.3) (4.7-5.2) (4.9-5.3) (4.9-5.3) (4.7-5.0) (4.5-5.0)
Whole grains 2.1 2.4 2.4 2.8 3.1 3.0 3.0 <0.001
(1.9-2.3) (2.3-2.6) (2.2-2.6) (2.7-2.9) (2.9-3.3) (2.8-3.1) (2.8-3.2)
Fish and shellfish 2.5 2.6 2.5 2.8 2.5 2.5 2.3 0.23
(2.2-2.8) (2.4-2.8) (2.2-2.7) (2.4-3.1) (2.2-2.8) (2.2-2.9) (1.9-2.6)
SSBs 5.6 6.3 6.2 6.6 6.7 6.9 7.1 <0.001
(5.2-6.0) (6.0-6.6) (5.9-6.5) (6.4-6.8) (6.4-7.0) (6.5-7.3) (6.8-7.3)
Sodium 3.8 3.5 35 3.6 3.8 3.8 3.7 0.17
(3.6-3.9) (3.4-3.6) (3.4-3.6) (3.5-3.8) (3.7-3.9) (3.6-3.9) (3.5-3.8)
Secondary 34.6 35.6 355 37.3 38.0 37.5 37.1 <0.001
(33.4-35.8) (34.5-36.6) (34.2-36.7) (36.6-38.0) (36.9-39.2) (36.6-38.3) (35.8-38.3)
Nuts, seeds and 4.1 4.4 4.3 4.4 4.8 4.7 5.0 <0.001
legumes (3.9-4.4) (4.1-4.7) (3.9-4.7) (4.2-4.6) (4.6-5.0) (4.4-5.0) (4.6-5.4)
Processed meat 6.6 6.5 6.7 6.6 6.7 6.7 6.7 0.09
(6.4-6.8) (6.1-6.8) (6.5-6.9) (6.4-6.9) (6.4-6.9) (6.5-7.0) (6.5-7.0)
Saturated fat 4.9 4.8 5.0 53 5.4 5.0 4.5 0.48
(4.7-5.1) (4.7-5.0) (4.8-5.2) (5.1-5.5) (5.2-5.6) (4.8-5.2) (4.3-4.8)
Diet quality by primary and secondary scores, %
Primary score
Poor 56.0 52.4 53.9 47.8 45.8 46.6 47.8 <0.001
(51.6-60.2) (48.3-56.5) (49.9-57.9) (45.3-50.3) (41.8-49.9) (42.7-50.7) (43.1-52.6)
Intermediate 43.4 46.9 453 50.7 52.7 51.8 50.8 0.001
(39.2-47.6) (43.0-50.8) (41.5-49.1) (48.0-53.3) (48.8-56.6) (47.7-55.9) (46.2-55.4)
Ideal 0.7 0.7 0.8 1.5 1.5 1.6 1.4 0.001
(0.5-1.0) (0.4-1.3) (0.5-1.6) (1.0-2.2) (0.9-2.4) (1.0-2.5) (1.0-2.1)
Secondary score
Poor 43.7 41.7 41.3 36.1 33.9 35.8 36.4 <0.001
(39.6-47.8) (38.1-45.4) (37.1-45.7) (34.0-38.3) (31.2-36.7) (33.3-38.3) (32.6-40.4)
Intermediate 55.2 56.8 57.5 61.6 64.1 62.0 62.0 <0.001
(51.2-59.2) (53.1-60.4) (53.1-61.7) (59.3-63.8) (61.6-66.5) (59.5-64.4) (58.1-65.7)
Ideal 1.1 1.5 1.3 2.3 2.0 2.3 1.6 0.02
(0.7-1.7) (1.0-2.2) (0.9-1.8) (1.5-3.3) (1.4-2.9) (1.8-2.9) (1.0-2.5)

AHA indicates American Heart Association; NHANES, National Health and Nutrition Examination Survey; and SSBs, sugar-sweetened beverages.

*All dietary variables were adjusted for energy to 2000 kcal/d using the residual method before the analysis. Each AHA consumption target was evaluated with
the use of a continuous scoring system. Intake of each dietary component was scored from 0 to 10 (beneficial components) and from 10 to O (harmful components).
For beneficial dietary components, individuals with zero intake received the lowest score (0). For harmful dietary components, the lowest score (0) was assigned to a
higher level approximately equivalent to the 80th to 90th percentile of intake among US adults and rounded to a practical value (eg, 4500 mg/d sodium, one 50-g
serving/d of processed meat, two 8-0z servings/d of SSBs, and 15% energy of saturated fat). Intermediate dietary intake was scored linearly between 0 and 10. For
example, an adult consuming 3000 mg/d sodium would receive 5 sodium points (ie, their sodium consumption was halfway between 1500 mg/d and the maximum
value of 4500 mg/d).

Source: Unpublished analyses courtesy of Dr Junxiu Liu, Tufts University, using NHANES, 2003 to 2016.'2°
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Table 5-3. Population Mean Consumption* of Food Groups and Nutrients of Interest by Sex and Race/Ethnicity Among US Adults >20 Years of
Age, NHANES 2015 to 2016

Mexican American Mexican American
NH White males NH Black males males NH White females NH Black females females
% % % % % %
Average Meeting A g Meeting A g Meeting Average Meeting Average Meeting Average Meeting
consumption | guideli cor ption |guidelines| consumption |guideli [ ption | guidelines | cc ption | guidelines | consumption | guidelines

Foods
Whole grains, 1.1+0.7 7.5 0.7+1.5 5.5 0.6+1.1 3.0 0.9+0.6 4.7 0.8+1.4 4.0 0.7+1.1 32
servings/d
Whole fruit, 1.4+1.2 10.0 1.0£2.0 43 1.4£2.1 9.5 1.5+1.1 9.9 1.1£2 6.8 1.6+2.3 8.7
servings/d
Total fruit, servings/d 1.8+1.4 13.7 1.7+2.6 8.9 2+2.7 16.5 1.9+1.2 12.0 1.9+2.5 14.6 2.2+2.9 18.6
Nonstarchy 2.2+1.2 6.4 1.6£1.9 2.2 2+1.8 32 2.4+1.3 9.1 1.8+1.8 32 2.3x2 6.0
vegetables, servings/d
Starchy vegetables,t | 0.9+0.7 NA 1.0£1.5 NA 0.5+1 NA 0.9+0.7 NA 0.9+1.2 NA 0.8+1.2 NA
servings/d
Legumes, servings/ 1.5+2.1 29.9 1.0£3.4 15.2 3.416.4 46.4 1.2+1.6 253 1.1£3.2 21.2 2.9+5.7 45.6
wk
Fish and shellfish, 1.0+1.8 16.0 1.4£3.9 211 1.2+4.1 18.2 1.0£1.5 18.6 1.8+4.1 245 1.2+4 17.3
servings/wk
Nuts and seeds, 5.8+6.5 37.3 2.8+9.5 13.4 2.5+7.5 20.5 6.2+6.1 36.8 3.4+8.3 20.5 3+8.9 17.5
servings/wk
Unprocessed red 3.5+2.7 NA 3.4+5.7 NA 3.9+5.1 NA 2.4+19 NA 2.4+3.6 NA 3.1+4.5 NA
meats, servings/wk
Processed meat, 2.5+1.9 56.7 2.1+3.2 62.0 1.8+3.1 67.2 1.8+1.5 65.7 1.4+2.4 70.9 1£1.8 79.8
servings/wk
SSBs, servings/wk 8.3+8.7 57.6 10.3+£12.5 329 10+12.4 39.2 5.8+6.6 67.7 9.7£13.5 41.2 8+12.6 453
Sweets and bakery 3.7+3.6 57.8 3.3+6.8 62.2 4.2+7.6 61.7 4.2+4.1 56.2 3.7+7.2 59.1 4.7+8.5 522
desserts, servings/wk
Refined grain, 4.8+1.4 9.4 5.2+3.1 7.5 7.0£3.2 0.82 4.8+1.4 9.8 4.9+2.6 7.1 6.7+3.5 3.0
servings/d

Nutrients
Total calories, kcal/d 2418+522 NA 2211+1086 | NA 24851140 | NA 1742+344 NA 1762+824 NA 1852+803 NA
EPA/DHA, mg/d 0.079+0.103| 9.0 0.101£0.247| 10.6 0.075+0.159| 6.9 0.084+0.111| 8.8 0.103+£0.251| 8.2 0.090+0.241| 7.9
a-Linoleic acid, g/d 1.65+0.55 42.4 1.69£1.12 43.8 1.56+0.73 41.6 1.95+0.71 87.9 1.86+1.02 86.7 1.72+0.88 87.1
n-6 PUFAs, % energy | 7.4+2.9 NA 8.8+6.8 NA 7.3£5.8 NA 11.6+5.1 NA 11.9+14.8 NA 10.1+6.7 NA
Saturated fat, % 12+2 26.0 11+4 36.2 11.4+£3.6 30.7 12+2.1 26.8 10.9+£3.9 37.3 11.2+£3.7 37.5
energy
Ratio of (PUFAs+ 1.8+0.6 12.6 2.2+1.6 251 1.8+1.3 13.6 2.3+0.8 29.7 2.6x2.2 40.0 2314 313
MUFAs)/SFAs
Dietary cholesterol, 280+107 66.2 313+216 54.6 331+213 54.9 307115 61.9 315+199 55.6 342+244 54.3
mag/d
Carbohydrate, % 45.3+6.2 NA 46.3£12.2 NA 47.3x10.6 NA 46.2+5.8 NA 48.7+11.3 NA 49.3x10.5 NA
energy
Dietary fiber, g/d 16.4+4.8 6.7 14.1+8.3 4.8 18.2+9.7 9.7 17.8+4.7 10.0 15+8.1 4.7 20.2+10 14.8
Sodium, g/d 3.4+0.58 7.7 3.5+1.11 4.7 3.4+1.06 7.4 3.5+0.54 5.6 3.4+0.91 7.0 3.4+0.98 4.4
Added sugar, % 11.1+9.5 36.9 13.8+17.5 23.0 10.8+13.2 38.1 16.7+£9.6 20.0 22.1+33.6 1.8 15.3+16.5 22.6
energy

Values for average consumption are mean+SD. Data are from NHANES 2015 to 2016, derived from two 24-hour dietary recalls per person, with population SD adjusted for within-person vs
between-person variation. All values are energy adjusted by individual regressions or percent energy, and for comparability, means and proportions are reported for a 2000-kcal/d diet. To obtain
actual mean consumption levels, the group means for each food or nutrient can be multiplied by the group-specific total calories (kilocalories per day) divided by 2000 kcal/d. The calculations for
foods use the US Department of Agriculture Food Patterns Equivalent Database on composition of various mixed dishes, which incorporates partial amounts of various foods (eg, vegetables, nuts,
processed meats) in mixed dishes; in addition, the characterization of whole grains is now derived from the US Department of Agriculture database instead of the ratio of total carbohydrate to fiber.

DHA indicates docosahexaenoic acid; EPA, eicosapentaenoic acid; MUFA, monounsaturated fatty acid; NA, not available; NH, non-Hispanic; NHANES, National Health and Nutrition
Examination Survey; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid; and SSBs, sugar-sweetened beverages.

*All intakes and guidelines adjusted to a 2000-kcal/d diet. Servings are defined as follows: whole grains, 1-0z equivalents; fruits and vegetables, 1/2-cup equivalents; legumes, 1/2 cup; fish/
shellfish, 3.5 oz or 100 g; nuts and seeds, 1 oz; unprocessed red or processed meat, 3.5 oz or 100 g; SSBs, 8 fl 0z; and sweets and bakery desserts, 50 g. Guidelines defined as follows: whole
grains, 3 or more 1-0z equivalent (eg, 21 g whole wheat bread, 82 g cooked brown rice, 31 g Cheerios) servings/d; fruits, 22 cups/d; nonstarchy vegetables, 2.5 cups/d; legumes, 1.5 cups/
wk; fish or shellfish, 2 or more 100-g (3.5-0z) servings/wk; nuts and seeds, 4 or more 1-0z servings/wk; processed meats (bacon, hot dogs, sausage, processed deli meats), 2 or fewer 100-g
(3.5-02) servings/wk (one-fourth of discretionary calories); SSBs (defined as =50 cal/8 oz, excluding 100% fruit juices), <36 oz/wk (=1/4 of discretionary calories); sweets and bakery desserts,
2.5 or fewer 50-g servings/wk (=1/4 of discretionary calories); EPA/DHA, 20.250 g/d’?; a-linoleic acid, 21.6/1.1 g/d (males/females); saturated fat, <10% energy; dietary cholesterol, <300 mg/d;
dietary fiber, 228 g/d; sodium, <2.3 g/d; ratio of (PUFAs+MUFAs)/SFAs >2.5; and added sugars <6.5% total energy intake. No dietary targets are listed for starchy vegetables and unprocessed
red meats because of their positive association with long-term weight gain and their positive or uncertain relation with diabetes and cardiovascular disease.

tIncluding white potatoes (chips, fries, mashed, baked, roasted, mixed dishes), corn, plantains, green peas, etc. Sweet potatoes, pumpkin, and squash are considered red-orange vegetables
by the US Department of Agriculture and are included in nonstarchy vegetables.

Source: Unpublished analyses courtesy of Dr Junxiu Liu, Tufts University, using NHANES, 2015 to 2016."%
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Chart 5-1. Trends in prevalence of poor AHA healthy diet score by race/ethnicity, United States, 2003 to 2016.

Components of AHA healthy diet score are defined in Table 5-1. Poor diet was defined as <40% adherence on the basis of the primary AHA continuous diet score.
AHA indicates American Heart Association; and NH, non-Hispanic.
Source: Unpublished analyses courtesy of Dr Junxiu Liu, Tufts University, using National Health and Nutrition Examination Survey data, 2003 to 2016.'%°
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Chart 5-2. Trends in prevalence of poor AHA healthy diet score in the United States by ratio of family income to poverty level, 2003 to 2016.

Components of AHA healthy diet score are defined in Table 5-1. Poor diet was defined as <40% adherence, on the basis of the primary AHA continuous diet score.
AHA indicates American Heart Association.
Source: Unpublished analyses courtesy of Dr Junxiu Liu, Tufts University, using National Health and Nutrition Examination Survey data, 2003 to 2016.'%
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Chart 5-3. Estimated mean sodium intake by 24-hour urinary excretion, United States, 2013 to 2014.

Estimates based on nationally representative sample of 827 nonpregnant, noninstitutionalized US adults 20 to 69 years of age who completed a 24-hour urine
collection in NHANES 2013 to 2014.

NHANES indicates National Health and Nutrition Examination Survey.

Source: Data derived from Cogswell et al™*® using NHANES 2013 to 2014.12°
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Chart 5-4. Sources of sodium intake in adults in 3 geographic regions in the United States, 2013 to 2014.

Sources of sodium intake were determined by four 24-hour dietary recalls with special procedures in which duplicate samples of salt added to food at the table
and in home food preparation were collected in 450 adults recruited in 3 geographic regions (Birmingham, AL; Palo Alto, CA; and Minneapolis-St. Paul, MN) with
equal numbers of males and females from 4 racial/ethnic groups (Asian, Black, Hispanic, non-Hispanic White individuals).

Source: Reprinted from Harnack et al.* Copyright © 2017, American Heart Association, Inc.
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Source: Data derived from Kantor et al."
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Chart 5-6. Age-standardized global mortality rates attributable to dietary risks per 100000, both sexes, 2019.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.'?’” Printed with permission.
Copyright © 2020, University of Washington. Detailed results are available on the Global Burden of Disease Study website."'
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6. OVERWEIGHT AND OBESITY

Heart Disease and Stroke Statistics—2021 Update: Chapter 6

Abbreviations Used in Chapter 6 Continued

See Table 6-1 and Charts 6-1 through 6-8 HbA, hemoglobin A, _(glycosylated hemoglobin)
HDL-C high-density lipoprotein cholesterol
Click here to return to the Table of Contents HF heart failure
HR hazard ratio
Overweight and obesity are major risk factors for MT intima-media thickness
CVD, including CHD, stroke, AF, VTE, and conges- R& incidence rate ratio
tive HF."? According to NHANES 2015 to 2018, the | =€ lowdensity ipoprotein cholesterol
age-adjusted prevalence of obesity was 40.6%, with LAOHOE&D Look: Action for Health in Diabetes
39.9% of males and 41.1% of females having obe- MACE major adverse cardiovascular event
SitY- The prevalence of ObeSity among yOUth over the MESA Multi-Ethnic Study of Atherosclerosis
same time period was 19.0% (Table 6-1).The AHA has MetS metabolic syndrome
identified BMI <85th percentile in youth (2-19 years MHO metabolically healthy obesity
of age) and <25 kg/m? in adults (=20 years of age) M myocardial infarction
as 1 of the 7 components of ideal CVH.% In 2015 to NCHS National Center for Health Statistics
2018, 63.4% of US youth and 26.4% of US adults NH non-Hispanic
met these criteria (Chapter 2, Cardiovascular Health, NHANES National Health and Nutrition Examination Survey
Chart 2-1 ) NHDS National Hospital Discharge Survey
NHLBI National Heart, Lung, and Blood Institute
Abbreviations Used in Chapter 6 OR odds ratio
AF atrial fibrillation PCI percutaneous coronary intervention
AHA American Heart Association QALY quality-adjusted life-year
APPROACH | Alberta Provincial Project for Outcome Assessment in RCT randomized controlled trial
Coronary Heart Disease RR relative risk
BMI body mass index SBP systolic blood pressure
BRFSS Behavioral Risk Factor Surveillance System SCD sudden cardiac death
CABG coronary artery bypass graft SE standard error
CAC coronary artery calcification SES socioeconomic status
CAD coronary artery disease SNP single-nucleotide polymorphism
CARDIA Coronary Artery Risk Development in Young Adults SPRINT Systolic Blood Pressure Intervention Trial
CcDC Centers for Disease Control and Prevention ul uncertainty interval
CHD coronary heart disease VTE venous thromboembolism
cl confidence interval \We waist circumference
CVvD cardiovascular disease WHI Women'’s Health Initiative
CVH cardiovascular health YRBSS Youth Risk Behavior Surveillance System
DBP diastolic blood pressure
DNA deoxyribonucleic acid
GBD Global Burden of Disease Study Classification of Overweight and Obesity
GWAS genome-wide association study

(Continued)

The 2021 American Heart Association (AHA) Statistical Update uses
updated language surrounding race and ethnicity to honor the
people belonging to each group. Instead of referring to a specific
group with only the name of their race or ethnicity, we have identified
each race or ethnic classification with terms such as “Asian people,”
“Black adults,” “Hispanic youth,” “White females,” or similar terms.

As the AHA continues its focus on health equity to address
structural racism, we are working actively to reconcile language
used in previously published data sources and studies as we compile
this information in the annual Statistical Update. We strive to
use the racial and ethnic terms from the original data sources or
published studies (mostly from the past 5 years), which may not be
as inclusive as the terms now used in 2021. As style guidelines for
scientific writing evolve, they will serve as guidance for data sources
and publications and how they are cited in future Statistical Update
publications.

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

e For adults, NHLBI weight categories are as follows:
overweight (BMI, 25.0-29.9 kg/m?) and obese class
| (BMI, 30.0-35.0 kg/m?), class Il (BMI, 35.0-39.9
kg/m?), and class Ill (BMI, =40.0 kg/m?). BMI cut-
offs often misclassify obesity in those with muscle
mass on the upper and lower tails of the distribu-
tion. BMI categories also vary in prognostic value
by race/ethnicity; they appear to overestimate risk
in Black people and underestimate risk in Asian
people.> For this reason, lower BMI cutoffs have
been recommended to identify increased health
risks for Asian and South Asian populations.®

e For youth, sex-specific BMI-for-age 2000 CDC
growth charts for the United States are used,” and
overweight is defined as 85th to <95th percen-
tile and obesity as >95th percentile. A 2013 AHA
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scientific statement recommended that the defini-
tion of severe obesity for children >2 years of age
and adolescents be changed to BMI =120% of the
95th percentile for age and sex or an absolute BMI
>35 kg/m?, whichever is lower.® This definition of
severe obesity among children could better identify
this small but important group compared with the
other common definition of BMI 299th percentile
for age and sex.®

Current obesity guidelines define WC =40 in (102
c¢m) for males and =35 in (88 cm) for females as
being associated with increased cardiovascular
risk®; however, lower cutoffs have been recom-
mended for various racial/ethnic groups, for exam-
ple, 290 cm for Asian males and =80 ¢cm for Asian
females.>'®© WC measurement is recommended

Heart Disease and Stroke Statistics—2021 Update: Chapter 6

¢ According to self-reported height and weight data

from the YRBSS 2015, 13.9% (95% Cl, 12.5%-—
15.5%) of US high school students had obesity
and 16.0% (95% Cl, 15.2%-16.9%) were over-
weight. The percentages of obesity were higher
in boys (16.8% [95% Cl, 14.8%-19.0%]) than
girls (10.8% [95% Cl, 9.3%-12.5%]) and in
Black students (16.8% [95% Cl, 14.2%-19.6%])
and Hispanic students (16.4% [95% Cl, 14.8%-
18.2%]) than in White students (12.4% [95% Cl|,
10.5%-14.6%]).'® Obesity rates varied by states:
The highest rates of obesity in girls were observed
in Kentucky and Mississippi (16.2%) and in boys
in West Virginia (23.4%); the lowest rates in girls
were observed in Nevada (6.3%), whereas for boys,
the lowest rates were seen in Montana (13.0%,).

for those with BMI of 25 to 34.9 kg/m? to provide

Adults
additional information on CVD risk."

(See Table 6-1 and Charts 6-2 through 6-6)

e According to NHANES 2015 to 2018, among US
Prevalence adults 220 years of age, the age-adjusted preva-
Youth lence of obesity was 39.9% in males and 41.1%
(See Table 6-1 and Chart 6-1) in females (Table 6-1). The prevalence of extreme

e According to 2015 to 2018 data from NHANES, obesity was 6.2% in males and 10.5% in females.

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

the overall prevalence of obesity (=95th percen-

tile) among youth 2 to 19 years of age was 19.0%

(Table 6-1). A similar prevalence was found with

the use of NHANES data from 2015 to 2016, with

increasing prevalence in older age groups (Chart

6-1).1213

According to 2015 to 2018 data from NHANES,

the prevalence of obesity was lower for NH Asian

boys and girls than in other racial and ethnic

groups (Table 6-1).13

The prevalence of childhood obesity varies by SES.

— According to 2011 to 2014 NHANES data, for
children 2 to 19 years of age, the prevalence
of obesity by percentage of poverty level was
18.9% (95% Cl, 17.3%-20.6%) for <130%,
19.9% (95% Cl, 16.8%-23.3%) for 131% to
350%, and 10.9% (95% Cl, 8.0%-1.4%) for
>350% of the federal poverty level.™

— In addition, obesity prevalence among chil-
dren 2 to 19 years of age was higher for those
whose parents had a high school diploma
or less education (21.6% [95% Cl, 20.0%-—
23.3%]) than for adolescents whose parents
had a bachelor’s degree or higher (9.6% [95%
Cl, 7.3%-12.5%])."*

According to NHANES 1999 to 2014, the preva-

In both males and females, the prevalence of obe-
sity was lowest in NH Asian adults. Among males,
the prevalence of obesity was highest among
Hispanic males. Among females, the prevalence of
obesity was highest among NH Black and Hispanic
females (Table 6-1).

The age-adjusted prevalence of obesity was
44.8% (95% Cl, 41.1%-48.5%) among middle-
aged (40-59 years of age) adults, 42.8% (95%
Cl, 37.9%-47.7%) among older (=60 years of
age) adults, and 40.0% (95% Cl, 34.9%-45.1%)
among younger (20-39 years of age) adults. No
significant differences by age groups or between
males and females were observed (Chart 6-2)."7

In the United States, the prevalence of obesity as esti-
mated from self-reported height and weight in the
BRFSS (2018) was 30.9% and varies by region and
state.’®? Self-reported estimates usually underesti-
mate BMI and obesity. In 2018, by state, the preva-
lence of obesity was highest in the South (33.6%)
and Midwest (33.1%) and lower in the Northeast
(28.0%) and West (26.9%) (Charts 6-3 through
6-6). The highest prevalence of obesity was 39.5%
in West Virginia and Mississippi, and the lowest was
23.0% in Colorado (Charts 6-3 through 6-6).

lence of obesity among adolescents 12 to 19 years ~ Secular Trends
of age was 21.6% (95% Cl, 18.5%—-24.7%) inthe  Youth
South region, 20.8% (95% Cl, 17.6%-24.0%) e According to NHANES data, overall prevalence of

in the Midwest region, 18.2% (95% Cl, 13.1%-
23.4%) in the Northeast region, and 15.8% (95%
Cl, 12.6%-19.1%) in the West region."
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obesity and severe obesity in youth (2—19 years of
age) did not increase significantly between 2007
to 2008 and 2015 to 2016. Among children 2 to
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5 years of age, a quadratic trend was seen, with
obesity decreasing from 10.1% (95% Cl, (7.7 %—
12.9%) in 2007 to 2008 to 8.4% (95% Cl, 5.8%—
11.7%) in 2011 to 2012 and increasing to 13.9%
(95% Cl, 11.6%-16.5%) in 2015 to 2016.2°
According to NCHS/CDC surveys and NHANES,
the prevalence of obesity among children and
adolescents increased substantially from 1963 to
1965 through 2009 to 2010, but this increase has
slowed.?!

Specifically, according to NHANES data, from 1988
to 1994, 2005 to 2006, and 2011 to 2014, the
percentage of children 12 to 19 years of age with
obesity increased from 10.5% (95% Cl, 8.8%—
12.5%) to 17.8% (95% Cl, 14.0%-22.0%) to
20.6% (95% Cl, 16.2%-25.6%), respectively.:?
Among infants and children from birth to >2
years of age, the prevalence of high weight for
recumbent length (ie, 295th percentile of sex-
specific CDC 2000 growth charts) was 9.5%
in 2003 to 2004 and 8.1% in 2011 to 2014.
The decrease of 1.4% was not statistically
significant.?

According to the YRBSS, among US high school
students between 1999 and 2015, there was a
significant linear increase in the prevalence of obe-
sity (from 10.6% to 13.9%) and in the prevalence
of overweight (from 14.1% to 16.0%). Between
1991 and 2015, there was a corresponding sig-
nificant linear increase of students who reported
they were trying to lose weight, from 41.8% to
45.6%.1°

Heart Disease and Stroke Statistics—2021 Update: Chapter 6

e From NHANES 1999 to 2002 to NHANES 2007 to

2010, the prevalence of total and undiagnosed dia-
betes, total hypertension, total dyslipidemia, and
smoking did not change significantly within any of
the BMI categories, but there was a lower preva-
lence of dyslipidemia (-3.4% [95% Cl, -6.3% to
—-0.5%]) among overweight adults. However, the
prevalence of untreated hypertension decreased
among adults with overweight or obesity, and the
prevalence of untreated dyslipidemia decreased
for all BMI categories (normal, overweight, obesity,
and BMI =35 kg/m?).?°

Another study reported that for females, but not
males, the increase in WC from NHANES 1999 to
2000 to NHANES 2010 to 2011 was greater than
expected from the increase in BMI.%®

Family History and Genetics
e Overweight and obesity have considerable genetic

components, with heritability estimates ranging
from =30% to 75%.%% However, only =1.5%
of interindividual variation of BMI is explained
by commonly occurring SNPs, which suggests a
role for DNA methylation variants to explain the
genetic contributions to obesity.?°

Monogenic or mendelian causes of obesity include
mutations with strong effects in genes that control
appetite and energy balance (eg, LER MC4R) and
obesity that occurs in the context of genetic syn-
dromes (eg, Prader-Willi syndrome).3°

GWASs in diverse populations have implicated
multiple loci for obesity, mostly defined by BMI,
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Adults WC, or waist-hip ratio. The FTO locus is the most

(See Chart 6-7) well-established obesity locus, first reported in
e From 1999 to 2000 through 2017 to 2018, the
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age-standardized prevalence of obesity and severe
obesity increased significantly from 30.5% (95%
Cl, 27.6%-33.4%) to 42.4% (95% Cl, 38.9%-—
45.9%) and from 4.7% (95% Cl, 3.5%-5.9%)
to 9.2% (95% Cl, 7.4%-11.0%), respectively
(Chart 6-7)." In the United States, the prevalence
of obesity among adults, estimated from NHANES
data, increased from 1999 to 2000 through 2013
to 2014 from 30.5% (95% Cl, 27.7%-33.3%) to
37.7% (95% Cl, 35.8%-39.7%); however, from
2005 to 2006 through 2013 to 2014, there was a
significant linear trend for the increase in obesity
and class Ill obesity for females (from 35.6% [95%
Cl, 33.0%-38.3%] to 41.1% [95% Cl, 38.5%-—
43.7%] and from 7.5% [95% Cl, 6.2%-9.1%] to
10.0% [95% Cl, 8.3%-12.0%], respectively) but
not males (from 33.4% [95% Cl, 29.3%-37.7 %]
to 35.1% [95% Cl, 33.1%-37.3%] and from
4.2% [95% Cl, 3.3%-5.3%] to 5.5% [95% CI,
4.3%—6.9%], respectively).?

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

2007332 and replicated in many studies with
diverse populations and age groups since
then.?337 The mechanisms underlying the asso-
ciation remain incompletely elucidated but could
be related to mitochondrial thermogenesis® or
food intake.3®

Other GWASs have reported numerous additional
loci,*® with >300 putative loci, most of which
explain only a small proportion of the variance in
obesity, have not been mechanistically defined, and
have unclear clinical significance. Variants associ-
ated with lean mass also have been reported.404!
Fine mapping of loci, including efforts focused on
GWASs in African ancestry, in addition to mecha-
nistic studies, is required to define functionality of
obesity-associated loci.*?

A large GWAS of obesity in >240000 individu-
als of predominately European ancestry revealed
an interaction with smoking, which highlights the
need to consider gene-environment interactions in
genetic studies of obesity.*?
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Genetic variants also are associated with weight
loss response to dietary intervention.*

Epigenetic modifications such as DNA methylation
have both genetic and environmental contributors
and may contribute to risk of and adverse con-
sequences of obesity. An epigenome-wide asso-
ciation study in 479 people demonstrated that
increased methylation at the HIF3A locus in circu-
lating white blood cells and in adipose tissue was
associated with increased BMI.%5

Prevention

In a 2016 meta-analysis based on studies con-
ducted from 1958 to 2010, 70% of adults with
obesity did not have obesity in childhood or
adolescence.*

The CDC Prevention Status Reports highlight the
status of public health policies and practices to
address public health problems, including obesity,
by state. Reports rate the extent to which the state
has implemented the policies or practices identi-
fied from systemic reviews, national strategies or
action plans, or expert bodies.*” Obesity reduction
policies and programs implemented by country are
also available online.*®

Awareness, Treatment, and Control

According to NHANES 2003 to 2006 data, =23%
of adults who were overweight and with obe-
sity misperceived themselves to be at a healthier
weight status, and those people were less likely to
have tried to lose weight in the prior year.*
Notification of a child’s unhealthy weight by health
care practitioners increased from 22% in 1999 to
34% in 2014.5°

The randomized Look AHEAD trial showed that
among adults who were overweight, had obe-
sity, and had type 2 diabetes, an intensive lifestyle
intervention produced a greater percentage of
weight loss at 4 years than diabetes support educa-
tion.>'2 After 8 years of intervention, the percent-
age of weight loss 25% and >=10% was greater
in the intensive lifestyle intervention group than
in the diabetes support education group (50.3%
and 26.9% for the intensive lifestyle group versus
35.7% and 17.2% for the diabetes support edu-
cation group).>?

A comprehensive review and meta-analysis of 34
RCTs suggested that dietary weight loss interven-
tions reduce all-cause mortality (RR, 0.82 [95% CI,
0.71-0.95]), but the benefit on lowering cardio-
vascular mortality was less clear.>

Benefits reported for bariatric surgery include
substantial weight loss; remission of diabetes,
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hypertension, and dyslipidemia; reduced incidence
of mortality; reduction in microvascular disease;
and fewer CVD events.>* Long-term follow-up of
the Longitudinal Assessment of Bariatric Surgery-2
study, a multicenter observational cohort study of
1300 participants who underwent bariatric sur-
gery, demonstrated that most participants main-
tained the majority of their weight loss. However,
at 7 years after surgery, lower prevalence rates
of diabetes and hypertension were achieved only
among those who underwent Roux-en-Y gastric
bypass, not among those who underwent laparo-
scopic gastric banding.>

A study of the 12-year follow-up of 1156 individu-
als with severe obesity, including 418 who under-
went gastric bypass, demonstrated sustained
weight loss and both remission and prevention of
incident type 2 diabetes, hypertension, and dyslip-
idemia.*® An RCT demonstrated that weight loss
from laparoscopic sleeve gastrectomy was similar
to that achieved by traditional (Roux-en-Y) gas-
tric bypass surgery, although the latter achieved
greater improvement in lipid levels.>”:8

In a retrospective cohort study of individuals with
a median follow-up of 3.9 years, the 385 patients
in the bariatric surgery group had a cumulative
incidence of MACEs of 30.8% (95% Cl, 27.6%—
30.0%) compared with 47.7% (95% Cl, 46.1%—
49.2%) among 3243 matched patients who did
not undergo bariatric surgery.>®

A study of 161 adolescents and 396 adults who
underwent Roux-en-Y gastric bypass found similar
differences in percent weight change between ado-
lescents and adults. Adolescents were more likely
than adults to have remission of type 2 diabetes
(risk ratio, 1.27 [95% Cl, 1.03-1.57]) and hyper-
tension (risk ratio, 1.51[95% ClI, 1.21-1.88]).%°

Mortality
¢ Childhood BMI in the highest quartile was associ-

ated with premature death as an adult in a cohort
of 4857 American Indian children during a median
follow-up of 23.9 years (BMI for quartile 4 versus
quartile 1: IRR, 2.30 [95% Cl, 1.46-3.62]).°

A meta-analysis of 3.74 million deaths among
30.3 million participants found that overweight
and obesity were associated with higher risk of all-
cause mortality, with the lowest mortality observed
at BMI of 22 to 23 kg/m? among healthy never
smokers.?

In 10 large population cohorts in the United States,
individual-level data from adults 20 to 79 years of
age with 3.2 million person-years of follow-up
(1964-2015) demonstrated that obesity was asso-
ciated with a shorter total longevity and greater

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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proportion of life lived with CVD, and higher BMI
was associated with significantly higher risk of
death attributable to CVD.?

In the APPROACH registry of individuals after
CABG and PCI, overweight and class | obesity
(BMI, 20-24.9 kg/m?) were associated with lower
mortality, whereas BMI 240 kg/m? was associated
with elevated mortality.* According to data from
the National Adult Cardiac Surgery registry from
2002 to 2013, there was lower mortality in indi-
viduals with overweight and class | and Il obesity
(OR, 0.81[95% Cl, 0.76-0.86] and 0.83 [95% ClI,
0.74-0.94], respectively) relative to normal-weight
individuals and greater mortality risk in those with
underweight (OR, 1.51[95% Cl, 1.41-1.62]), with
these results persisting after adjustment for resid-
ual confounding and reverse causation.5
Fluctuation of weight is associated with cardio-
vascular events and death. In 9509 participants
of the Treating to New Targets trial, those in the
quintile of highest body weight fluctuation had
the highest rates of cardiovascular events, M,
stroke, and death.®

Heart Disease and Stroke Statistics—2021 Update: Chapter 6

had obesity and had obesity in their adulthood had
an increased risk of type 2 diabetes (RR, 5.4 [95%
Cl, 3.4-8.5]), hypertension (RR, 2.7 [95% Cl, 2.2—
3.3]), dyslipidemia (high LDL-C: RR, 1.8 [95% ClI,
1.4-2.3]; low HDL-C: RR, 2.1 [95% Cl, 1.8-2.5]),
high triglycerides (RR, 3.0 [95% Cl, 2.4-3.8]), and
carotid atherosclerosis (RR, 1.7 [95% Cl, 1.4-2.2]),
whereas those who achieved normal weight by
adulthood had risks comparable to those of indi-
viduals who never had obesity.®®

A systematic review and meta-analysis of 37 stud-
ies showed that high childhood BMI was associ-
ated with an increased incidence of adult diabetes
(OR, 1.70 [95% Cl, 1.30-2.22]) and CHD (OR,
1.20 [95% Cl, 1.10-1.31]) but not stroke; how-
ever, the accuracy of childhood BMI predicting
any adult morbidity was low. Only 31% of future
diabetes and 22% of future hypertension and
CHD occurred in those who as youth =12 years
of age had been classified as overweight or who
had obesity.”

Another study examining longitudinal data from
2.3 million adolescents (16—19 years of age) dem-
onstrated increased cardiovascular mortality in
adulthood among youth with obesity compared
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Complications
Youth
¢ A systematic review and meta-analysis of 15 pro-

with youth with BMI in the 5th to 24th percen-
tile, with an HR of 4.9 (95% Cl, 3.9-6.1) for death
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spective cohort studies with 200777 participants
showed that children and adolescents who had
obesity were =5 times more likely to have obesity
in adulthood than those who did not have obe-
sity. Approximately 55% of children with obesity
will remain with obesity in adolescence, 80% of
adolescents with obesity will remain with obesity
in their adulthood, and 70% of these adolescents
will remain with obesity at >30 years of age.*®
Children and adolescents who are overweight
and have obesity are at increased risk for future
adverse health effects, including the following®e:
— Increased prevalence of traditional cardiovas-
cular risk factors such as hypertension, hyper-
lipidemia, and diabetes. Among 8579 youths
in NHANES, higher BMI was associated with
higher SBP and DBP, lower HDL-C, and high
triglycerides and HbA, _levels.®%®
— Poor school performance, tobacco use, alcohol
use, premature sexual behavior, and poor diet.
— Other associated health conditions such as
asthma, hepatic steatosis, sleep apnea, stroke,
some cancers (breast, colon, and kidney), renal
insufficiency, musculoskeletal disorders, gall-
bladder disease, and reproductive abnormalities.
Data from 4 Finnish cohort studies examining child-
hood and adult BMI with a mean follow-up of 23
years found that children who were overweight or

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

attributable to CHD, 2.6 (95% ClI, 1.7-4.1) for
death attributable to stroke, 2.1 (95% Cl, 1.5-2.9)
for sudden death, and 3.5 (95% Cl, 2.9-4.1) for
death attributable to total cardiovascular causes,
after adjustment for sex, age, birth year, sociode-
mographic characteristics, and height.”!

Adults
¢ Obesity is associated with increased lifetime risk

of CVD and increased prevalence of type 2 dia-
betes, hypertension, dyslipidemia, VTE, AF, and
dementia.??

Analyses of continuous BMI show that the risk of
type 2 diabetes increases with increasing BMI.72

In the SPRINT trial, there was a J-shaped associated
between BMI and all-cause mortality and risk of
stroke.”® An increased risk of stroke was also seen
in a comparison of participants with obesity and
normal-weight participants in the Copenhagen
City Heart Study (HR, 1.4 [95% Cl, 1.2-1.6]) and
the Copenhagen General Population Study (HR,
1.1[95% Cl, 1.0-1.2]).7

Cardiovascular risks are even higher with class
Il obesity than with class | or class Il obesity.”
Among 156775 postmenopausal females in the
WHI, for severe obesity versus normal BMI, HRs
for mortality were 1.97 (95% Cl, 1.77-2.20) in
White females, 1.55 (95% Cl, 1.20-2.00) in Black
females, and 2.59 (95% Cl, 1.55-4.31) in Hispanic
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females; for CHD, HRs were 2.05 (95% Cl, 1.80-
2.35), 2.24 (95% Cl, 1.57-3.19), and 2.95 (95%
Cl, 1.60-5.41), respectively; and for congestive HF,
HRs were 5.01 (95% Cl, 4.33-5.80), 3.60 (95%
Cl, 2.30-5.62), and 6.05 (95% Cl, 2.49-14.69),
respectively. However, CHD risk was strongly
related to CVD risk factors across BMI categories,
even in class lll obesity, and CHD incidence was
similar by race/ethnicity with adjustment for differ-
ences in BMI and CVD risk factors.”
Obesity was cross-sectionally associated with sub-
clinical atherosclerosis, including CAC and carotid
IMT, among older adults in MESA, and this asso-
ciation persisted after adjustment for CVD risk fac-
tors.”® In a prospective analysis of younger adults
through midlife, greater duration of overall and
abdominal obesity was associated with presence
of and progression of subclinical atherosclerosis in
the CARDIA study.””
A meta-analysis of 10 case-referent studies and
4 prospective cohort studies reported that when
individuals with BMI =30 kg/m? were compared
with those with BMI <30 kg/m?, obesity was
associated with a significantly higher preva-
lence (OR, 2.45 [95% Cl, 1.78-3.35]) and inci-
dence (RR, 2.39 [95% Cl, 1.79-3.17]) of VTE,
although there was significant heterogeneity in
the studies.”®

A meta-analysis of 25 studies with 2405381 par-

ticipants found a summary RR for risk of atrial

fibrillation of 1.28 (95% Cl, 1.20-1.38) for each
5-unit increase in BML.7°

Obesity in females is associated with increased risk

of adverse pregnancy outcomes, (eg, preeclampsia,

gestational hypertension, gestational diabetes).

— The risk of preeclampsia was higher in females
who were overweight (OR, 1.73 [95% Cl,
1.59-1.87]) or obese (OR, 3.15 [95% Cl,
2.96-3.35)) in a systematic review of 23 stud-
ies including 1.4 million females.&°

— The risk of gestational hypertension was higher
among females with obesity (OR, 2.91 [95%
Cl, 2.76-3.07]) than among females with a
normal prepregnancy BMI.®'

— The risk of gestational diabetes was 2.14 (95%
Cl, 1.82-2.53), 3.56 (95% Cl, 3.05-4.21),
and 8.56 (95% Cl, 5.07-16.04) among over-
weight, obese, and severely obese females,
respectively, compared with females with nor-
mal prepregnancy BMI.82

A BMI paradox is often reported, with higher-

BMI patients demonstrating favorable outcomes

among adults with prevalent congestive HF,

hypertension, peripheral vascular disease, and

CAD; similar findings have been seen for per-

cent body fat. However, studies suggest that the
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obesity paradox might be explained by lead-time
bias because it is not present before the develop-
ment of CVD.283
In a study of 2625 participants with new-onset
diabetes pooled from 5 longitudinal cohort stud-
ies, rates of total, CVD, and non-CVD mortality
were higher among normal-weight people than
among overweight participants and participants
with obesity, with adjusted HRs of 2.08 (95% (I,
1.52-2.85), 1.52 (95% Cl, 0.89-2.58), and 2.32
(95% Cl, 1.55-3.48), respectively.8
A meta-analysis including 10 studies with
1381445 participants found that compared with
normal-weight individuals, participants with over-
weight or obesity were at an increased risk of SCD
(RR, 1.21 [95% ClI, 1.08-1.35] and 1.52 [95% CI,
1.31-1.77], respectively).®
Studies have evaluated risks for MHO versus met-
abolically unhealthy or metabolically abnormal
obesity. The definition of MHO has varied across
studies, but it has often comprised 0 or 1 meta-
bolic abnormality by MetS criteria, sometimes
excluding WC.

— Using strict criteria of 0 MetS components
and no previous CVD diagnosis, a report of 10
European cohort studies (n=163517 people)
reported that the prevalence of MHO varied
from 7% to 28% in females and from 2% to
19% in males.®®

— MHO appears to be unstable over time, with 1
study showing that 44.5% of individuals with
MHO transitioned to metabolically unhealthy
obesity over 8 years of follow-up.®’

— Among younger adults in the CARDIA study,
after 20 years of follow-up, 47% of people
were defined as being metabolically healthy
overweight (presence of 0 or 1 metabolic
risk factor).®# Among older adults in MESA,
approximately half of the participants with
MHO developed MetS and had increased
odds of CVD (OR, 1.60 [95% Cl, 1.14-2.25])
compared with those with stable MHO or
healthy normal weight.®®

— CVD risk is higher in individuals with MHO
than in metabolically healthy normal-weight
individuals.>?® For example, a meta-analysis
of 22 prospective studies suggested that CVD
risk was higher in participants with MHO than
metabolically healthy normal-weight partici-
pants (RR, 1.45 [95% Cl, 1.20-1.70]); how-
ever, the risk in individuals with MHO was
lower than in individuals who were metaboli-
cally unhealthy and normal weight (RR, 2.07
[95% Cl, 1.62-2.65]) or obese (RR, 2.31 [95%
Cl, 1.99-2.69]).3
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— Other reports suggest that obesity, especially
long-lasting or severe obesity, without meta-
bolic abnormalities might not increase risk for
MI but does increase risk for HF.1:92

Health Care Use and Cost

Obesity costs the health care system, health care pay-
ers, and individuals with obesity.

¢ In the United States, the estimated annual medi-
cal cost of obesity in 2008 was $147 billion.* It is
estimated that $9.7 billion in health care costs in
2016 was attributable to morbid obesity.**

e In 2006, the annual medical costs for individuals
with obesity were $1429 higher than for normal-
weight individuals.?®> Another study estimated
that mean annual per capita health care expenses
associated with obesity were $1160 for males and
$1525 for females.*

e According to NHANES | data linked to Medicare
and mortality records, individuals 45 years of

Heart Disease and Stroke Statistics—2021 Update: Chapter 6

¢ According to the 2006 NHDS, the incidence of bar-

iatric surgery was estimated at 113000 cases per
year, with costs of nearly $1.5 billion annually."®
A cost-effectiveness study of laparoscopic adjust-
able gastric banding showed that after 5 years,
$4970 was saved in medical expenses; if indirect
costs were included (absenteeism and presentee-
ism), savings increased to $6180 and $10960,
respectively.’® However, when expressed per
QALY, only $6600 was gained for laparoscopic
gastric bypass, $6200 for laparoscopic adjustable
gastric band, and $17 300 for open Roux-en-Y gas-
tric bypass, none of which exceeded the standard
$50000 per QALY gained.’® Other large studies
failed to demonstrate a cost benefit for bariatric
surgery versus matched patients.'03-105

The cost-effectiveness of bariatric surgery among
individuals with diabetes is unclear, with 2 studies
showing cost savings'®'%7” but another study dem-
onstrating no improvement compared with inten-
sive lifestyle and medical interventions.'%
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age with obesity had lifetime Medicare costs of
$163000 compared with $117000 for those who Global Burden
were at normal weight at 65 years of age.% (See Chart 6-8)

* According to data from the Medicare Current e The GBD 2019 Study used statistical models and

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Beneficiary Survey from 1997 to 2006, in 1997,
expenditures for Part A and Part B services per
beneficiary were $6832 for a normal-weight per-
son, which was more than for overweight people
($5473) or people with obesity ($5790); however,
over time, expenses increased more rapidly for
overweight people and people with obesity.9”

¢ The costs of obesity are high: People with obesity
paid on average $1429 (42%) more for health
care costs than normal-weight people in 2006. For
beneficiaries who are obese, Medicare pays $1723
more, Medicaid pays $1021 more, and private
insurers pay $1140 more annually than for benefi-
ciaries who are at normal weight. Similarly, people
with obesity have 46% higher inpatient costs and
27% more outpatient visits and spend 80% more
on prescription drugs.”

e According to 4 waves of NHANES data (through
2000), the total excess cost in 2007 US dollars
related to the current prevalence of adolescent
overweight and obesity was estimated to be $254
billion ($208 billion in lost productivity secondary
to premature morbidity and mortality and $46 bil-
lion in direct medical costs).%®

¢ A study recommended the use of $19000 (2012
US dollars) as the incremental lifetime medical cost
of a child with obesity relative to a normal-weight
child who maintains normal weight throughout
adulthood.®

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

data on incidence, prevalence, case fatality, excess
mortality, and cause-specific mortality to estimate
disease burden for 369 diseases and injuries and
87 risk factors in 204 countries and territories.'%
— Age-standardized mortality rates attribut-
able to high BMI are generally lower in high-
income Asia Pacific, Western Europe, East Asia,
Australasia, and South Asia (Chart 6-8).
Although there is considerable variability in over-
weight and obesity data methodology and quality
worldwide, cross-country comparisons can help
reveal different patterns. Worldwide, from 1975
to 2014, the prevalence of obesity increased from
3.2% in 197510 10.8% in 2014 in males and from
6.4% to 14.9% in females, and mean age-stan-
dardized BMI increased from 21.7 to 24.2 kg/m? in
males and from 22.1 to 24.4 kg/m? in females."°
Worldwide, between 1980 and 2013, the propor-
tion of adults with overweight or obesity increased
from 28.8% (95% Ul, 28.4%—-29.3%) to 36.9%
(95% Ul, 36.3%-37.4%) among males and from
29.8% (95% Ul, 29.3%-30.2%) to 38.0% (95%
Ul, 37.5%-38.5%) among females. Since 2006,
the increase in adult obesity in developed coun-
tries has slowed. The estimated prevalence of
adult obesity exceeded 50% of males in Tonga
and females in Kuwait, Kiribati, the Federated
States of Micronesia, Libya, Qatar, Tonga, and
Samoa. In the sub-Saharan African country of
Malawi, representative of rural but developing
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countries, the prevalence of overweight or obesity
was 18% and 44% of urban males and females,
respectively, and 9% and 27% of rural males and
females, respectively. Associated hypertension
and diabetes are highly prevalent and underdiag-
nosed."" As of 2013, around the world, obesity
rates are higher for females than males and in
developed countries than developing countries.
Higher obesity rates for females than for males
occur for those =45 years of age in developed
countries but for those =25 years of age in devel-
oping countries.'"?

¢ Between 1980 and 2013, the prevalence of over-

weight and obesity rose by 27.5% for adults.”?
Over this same period, no declines in obesity
prevalence were detected. In 2008, an estimated
1.46 billion adults were overweight or obese. The
prevalence of obesity was estimated at 205 million
males and 297 million females in 2013. The highest
prevalence of male obesity is in the United States,
Southern and Central Latin America, Australasia,
and Central and Western Europe, and the lowest
prevalence is in South and Southeast Asia and East,
Central, and West Africa. For females, the highest

Heart Disease and Stroke Statistics—2021 Update: Chapter 6

prevalence of obesity is in Southern and North
Africa, the Middle East, Central and Southern
Latin America, and the United States, and the low-
est is in South, East, and Southeast Asia, the high-
income Asia-Pacific subregion, and East, Central,
and West Africa.'"

An appraisal of the prevalence of obesity in sub-
Saharan Africa from 2009 to 2012 suggests an
increase in BMI and WC, associated with hyper-
tension. In 2726 university students in Cameroon,
the prevalence of obesity, overweight and obesity
(combined), and hypertension was 3.5%, 21%,
and 6.3%, respectively. There was an increase
over time in overweight and obesity in males and
an increase in prevalence of abdominal obesity in
females, both of which were associated with inci-
dent hypertension.'"

In 2015, a total of 107.7 million youth and 603.7
million adults had obesity, with an overall obesity
prevalence of 5.0% among children and 12.0%
among adults. High BMI contributed to 4.0 million
deaths globally, with the leading cause of death
and disability being attributable to CVD.™">

Table 6-1. Prevalence of Overweight, Obesity, and Severe Obesity in Youth and Adults, United States, 2015 to 2018
Prevalence of Prevalence of
overweight and Prevalence of obesity,* | overweight and Prevalence of obesity,* | Prevalence of extreme
obesity,* age 2-19 y age 2-19y obesity,* age 220 y age 220y obesity,* age 220 y
nt % nt % nt % nt % nt %
Total 25888119 354 13808070 19.0 170089860 | 71.3 96449063 40.6 19521332 8.4
Male 13098420 35.0 7339896 20.0 85334941 74.8 45444679 39.9 6939345 6.2
Female 12789699 35.8 6468175 18.0 84754919 68.1 51004384 411 12581987 10.5
NH White
Male 5905581 30.9 3040242 16.2 53986824 73.9 29600892 40.7 4413505 6.3
Female 5700018 31.7 2591516 14.2 51939540 65.4 30581668 38.7 7592720 10.2
NH Black
Male 1570898 31.5 954234 19.1 8395621 69.9 4583941 38.2 912855 7.5
Female 2181564 45.2 1312326 27.1 11688513 78.4 8201670 55.2 2435459 16.3
Hispanic
Male 4217447 45.9 2522750 28.6 15360673 84.8 8056325 44.0 1069379 5.7
Female 3831492 43.8 2055875 234 14346806 77.8 8591006 46.2 2007719 10.8
NH Asian
Male 465874 26.4 218315 1.3 3586711 55.9 893904 13.5 99259 1.4
Female 334922 18.8 126797 7.4 3234798 42.9 1203128 15.9 64898 0.9

NH indicates non-Hispanic.

*Qverweight and obesity in adults is defined as body mass index (BMI) =25 kg/m?. Obesity in adults is defined as BMI =30 kg/m?. Extreme obesity is defined as
BMI 240 kg/m?. Prevalence estimates for adults were age adjusted with the direct method to standardize estimates to the projected 2000 US census population with
age categories of 20 to 39, 40 to 59, and >60 years. In children, overweight and obesity are based on BMI-for-age values >85th percentile of the 2000 Centers for
Disease Control and Prevention (CDC) growth charts. In children, obesity is based on BMI-for-age values at or above the 95th percentile of the CDC growth charts.'®
Prevalence estimates for youth are unadjusted.

tPopulation counts applied to the average of the 2013 and 2015 Census Bureau population estimates.

Source: Unpublished tabulation using National Health and Nutrition Examination Survey, 2015 to 2018."3
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Chart 6-1. Prevalence of obesity among US youth 2 to 19 years of age by sex and age, 2015 to 2016.
'Significantly different from those 2 to 5 years of age.
Source: Reprinted from Hales et al'? using National Health and Nutrition Examination Survey, 2015 to 2016.
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Chart 6-2. Prevalence of obesity among US adults >20 years of age by sex and age, 2017 to 2018.
Estimates were age adjusted by the direct method to the 2000 US census population using the age groups 20 to 39, 40 to 59, and =60 years.
Source: Reprinted from Hales et al'” using data from National Health and Nutrition Examination Survey, 2017 to 2018.
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Chart 6-3. Prevalence of self-reported obesity among adults by US state and territory, 2018.
Prevalence estimates reflect BRFSS methodological changes that started in 201 1. These estimates should not be compared with prevalence estimates before 2011.

BRFSS indicates Behavioral Risk Factor Surveillance System.
*Sample size <50 or the relative SE (dividing the SE by the prevalence) 230%.

Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using BRFSS, 2015 to 2017.""7
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Chart 6-4. Prevalence of self-reported obesity among non-Hispanic White adults by US state and territory, 2016 to 2018.

*Sample size <50 or the relative SE (dividing the SE by the prevalence) 230%.

Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using Behavioral Risk Factor Surveillance System, 2015 to 2017.""7
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Chart 6-5. Prevalence of self-reported obesity among Hispanic adults by US state and territory, 2016 to 2018.

*Sample size <50 or the relative SE (dividing the SE by the prevalence) 230%.

Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using Behavioral Risk Factor Surveillance System, 2015 to 2017.""7
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Chart 6-6. Prevalence of self-reported obesity among non-Hispanic Black adults by US state and territory, 2016 to 2018.

*Sample size <50 or the relative SE (dividing the SE by the prevalence) >30%.

Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using Behavioral Risk Factor Surveillance System, 2015 to 2017.""7
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Chart 6-7. Trends in age-adjusted obesity prevalence among US adults >20 years of age, 1999 to 2000 through 2017 to 2018.
Estimates were age adjusted by the direct method to the 2000 US census population using the age groups 20 to 39, 40 to 59, and =60 years.
'Significant linear trend.

Source: Reprinted from Hales et al” using National Health and Nutrition Examination Survey, 1999 to 2018.
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Chart 6-8. Age-standardized mortality rates attributable to high body mass index per 100000, both sexes, 2019.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.® Printed with permission.
Copyright © 2020, University of Washington. Detailed results are available on the Global Burden of Disease Study website."’®
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7. HIGH BLOOD CHOLESTEROL AND

Heart Disease and Stroke Statistics—2021 Update: Chapter 7

Abbreviations Used in Chapter 7 Continued

OTHER LlPlDS NH non-Hispanic
See Table 7-1 and Charts 7-1 through 7.5 NHANES National Health and Nutrition Examirlwation Survey
NHLBI National Heart, Lung, and Blood Institute
Click here to return to the Table of Contents OR Od(,js ratio , —
PALM Patient and Provider Assessment of Lipid Management
Registry
Cholesterol is one of the primary causal risk factors for PCSK9 proprotein convertase subtilisin/kexin type 9
the development of atherosclerosis and CVD and is 1 of PESA Progression of Early Subclinical Atherosclerosis
7 metrics the AHA has used to define CVH in children PINNACLE Practice Innovation and Clinical Excellence
and adults. The American Heart Association, American QALY quality-adjusted life-year
CO”ege of Cardio'©9Y: and several other societies REGARDS Reasons for Geographic and Racial Differences in Stroke
RR relative risk
Abbreviations Used in Chapter 7 SE standard error
ACC American College of Cardiology TC total cholesterol
AHA American Heart Association ul uncertainty interval
apoB apolipoprotein B .. . . . .
ASCVD S therosclerotic cardiovascular diseace released the _Cholestero! C_Ilnlcal Practlce Gmdelme in
peey Adult Treatment Ponel I 2018." There is sgbstanUal interest in Ipwgr|ng average
- body mass index cholesterol Igvells in thel ovelralllpopulatu.)n in the Unlte_d
BRESS Behavioral Risk Factor Survellance System States and in identifying |nd|V|duaIs. ||k¢|y to bgneflt
CAC coronary artery caldiication most from targeted cholesterol-lowering interventions.
CAD coronary artery disease
CASCADE FH Cascade Screening for Awareness and Detection of FH Prevalence Qf H|gh TC
CHD coronary heart disease Youth
cl confidence interval (See Chart 7-1)
cvD cardiovascular disease e Among children 6 to 11 years of age, the mean TC
CVH cardiovascular health level in 2015 to 2018 was 157.3 mg/dL. For males,
ED emergency department it was 157.4 mg/dL; for females, it was 157.1 mg/
FH familial hypercholesterolemia dL. The racial/ethnic breakdown in NHANES 2015
GBD Global Burden of Disease Study to 20182 was as follows (unpublished NHLBI tabu-
GWAS genome-wide association study lation using NHANES?):
HDL high-density lipoprotein — For NH White children, 156.1 mg/dL for males
HDL-C high-density lipoprotein cholesterol and 157.8 mg/dL for females
HR hazard ratio — For NH Black children, 157.1 mg/dL for males
IMT intima-media thickness and 156.3 mg/dL for females
LbL low-density lipoprotein — For Hispanic children, 157.6 mg/dL for males
LDL-C low-density lipoprotein cholesterol and 154.8 mg/dL for females
Lp(a) lipoprotein(a) — For NH Asian children, 167.5 mg/dL for males
NCDR National Cardiovascular Data Registry and 159.0 mg/dL for females

(Continued)

The 2021 American Heart Association (AHA) Statistical Update uses
updated language surrounding race and ethnicity to honor the
people belonging to each group. Instead of referring to a specific
group with only the name of their race or ethnicity, we have identified
each race or ethnic classification with terms such as “Asian people,”
“Black adults,” “Hispanic youth,” “White females,” or similar terms.

As the AHA continues its focus on health equity to address
structural racism, we are working actively to reconcile language
used in previously published data sources and studies as we compile
this information in the annual Statistical Update. We strive to
use the racial and ethnic terms from the original data sources or
published studies (mostly from the past 5 years), which may not be
as inclusive as the terms now used in 2021. As style guidelines for
scientific writing evolve, they will serve as guidance for data sources
and publications and how they are cited in future Statistical Update
publications.

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950

e Among adolescents 12 to 19 years of age,? the
mean TC level in 2015 to 2018 was 155.1 mg/dL; for
males, it was 152.7 mg/dL; for females, it was 157.5
mg/dL. The racial/ethnic breakdown was as follows
(unpublished NHLBI tabulation using NHANES?):
— For NH White adolescents, 151.2 mg/dL for
males and 158.0 mg/dL for females

— For NH Black adolescents, 155.8 mg/dL for
males and 157.1 mg/dL for females

— For Hispanic adolescents, 152.3 mg/dL for
males and 153.8 mg/dL for females

— For NH Asian adolescents, 155.2 mg/dL for
males and 165.0 mg/dL for females

¢ Among youth 6 to 19 years of age, the prevalence
of adverse TC levels (TC =200 mg/dL) in 2009 to
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2016 was 7.1% (95% Cl, 6.4%-7.8%; Chart
7-1A). Conversely, ideal levels of lipids (as opposed
to adverse or borderline levels) may be a particu-
larly relevant target for youth. Among youth 6 to
19 years of age, the prevalence of ideal TC levels
(TC <170 mg/dL) in 2015 to 2016 was 71.4% (95%
Cl, 69.0%-73.8%; Chart 7-1B).2 The remainder of
youth had borderline levels (TC 170-199 mg/dL).

Adults (=20 Years of Age)
(See Table 7-1 and Charts 7-2 through 7-4)
¢ Among adults =20 years of age, the mean TC level

in 2015 to 2018 was 190.6 mg/dL. For males, it
was 187.7 mg/dL; for females, it was 193.0 mg/
dL. Across 3 NHANES time periods (1999-2002,
2007-2010, and 2015-2018), NH Black adults
had the lowest serum TC compared to NH White
adults and Mexican American adults (Chart 7-2).
The racial/ethnic breakdown by sex in 2015 to
2018 was as follows (unpublished NHLBI tabula-
tion using NHANES?):
— For NH White adults, 187.2 mg/dL for males
and 194.6 mg/dL for females
— For NH Black adults, 184.0 mg/dL for males
and 186.5 mg/dL for females
— For Hispanic adults, 190.6 mg/dL for males and
189.3 mg/dL for females
— For NH Asian adults, 190.8 mg/dL for males
and 192.3 mg/dL for females
The prevalences of TC levels =200 mg/dL and =240
mg/dL among US adults >20 years of age in 2015 to
2018 (unpublished NHLBI tabulation using NHANES
2) are shown overall and by sex and race/ethnicity in
Table 7-1 and Charts 7-3 and 7-4. In 2015 to 2018,
the percentages of adults with high TC (=240 or
>200 mg/dL) were lower for NH Black adults than for
NH White and Asian and Hispanic adults, and females
had higher prevalences of high TC than males.
The Healthy People 2010 guideline of an age-
adjusted population mean TC level of <200 mg/dL
has been achieved in adults, in males, in females,
and in all race/ethnicity subgroups.?* The Healthy
People 2020 target is a mean population TC level
of 177.9 mg/dL for adults, which had not been
achieved among the population of US adults or in
any race/ethnicity subgroup as of 2015 to 2018
NHANES (Chart 7-2).5 Conversely, the Healthy
People 2020 target of <13.5% for the propor-
tion of adults with high TC =240 mg/dL has been
achieved as of the combined period 2015 to
2018 for adults overall and all race-sex subgroups
(Table 7-1), although some race-sex subgroups
show variability around this threshold between
2015 t0 2016 and 2017 to 2018 (Chart 7-4).
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Prevalence of Abnormal Levels of Lipid

Subfractions
LDL Cholesterol
Youth
(See Chart 7-1)
e |imited data are available on LDL-C for children 6
to 11 years of age.
e Among adolescents 12 to 19 years of age, the
mean LDL-C level in 2013 to 2016 was 86.7 mg/
dL (males, 85.6 mg/dL; females, 87.8 mg/dL). The
racial/ethnic breakdown was as follows (unpub-
lished NHLBI tabulation using NHANES?):
— For NH White adolescents, 86.7 mg/dL for
males and 87.9 mg/dL for females
— For NH Black adolescents, 81.7 mg/dL for
males and 88.4 mg/dL for females
— For Hispanic adolescents, 85.0 mg/dL for males
and 84.2 mg/dL for females
— For NH Asian adolescents, 81.7 mg/dL for males
and 103.3 mg/dL for females; however, these
values are based on data from small sample sizes
(50 NH Asian males and 53 NH Asian females)
e High levels of LDL-C (=130 mg/dL) occurred in
5.9% of male adolescents and 5.2% of female
adolescents during 2013 to 2016 (unpublished
NHLBI tabulation using NHANES?).
e Conversely, ideal levels of LDL-C (<110 mg/dL)
were present in 84.1% (95% Cl, 79.8%-88.4%)
of all adolescents in 2013 to 2014 (Chart 7-1B).2

Adults
e In 2013 to 2016 (unpublished NHLBI tabulation
using NHANES?), the mean level of LDL-C for
American adults >20 years of age was 112.1 mg/
dL. The racial/ethnic breakdown was as follows:
— Among NH White adults, 112.3 mg/dL for
males and 112.3 mg/dL for females
— Among NH Black adults, 111.0 mg/dL for
males and 108.1 mg/dL for females
— Among Hispanic adults, 117.5 mg/dL for males
and 109.3 mg/dL for females
— Among NH Asian adults, 113.8 mg/dL for
males and 108.2 mg/dL for females
* In 2013 to 2016, the age-adjusted prevalence of
high LDL-C (=130 mg/dL) was 28.9% (unpublished
NHLBI tabulation using NHANES? [Table 7-1]).

HDL Cholesterol

Youth

(See Chart 7-1)

e Among children 6 to 11 years of age, the mean

HDL-C level in 2015 to 2018 was 56.3 mg/dL.
For males, it was 57.6 mg/dL, and for females, it
was 54.9 mg/dL. The racial/ethnic breakdown was
as follows (unpublished NHLBI tabulation using
NHANES?):

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950
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— For NH White children, 57.3 mg/dL for males
and 55.1 mg/dL for females

— For NH Black children, 60.6 mg/dL for males
and 58.2 mg/dL for females

— For Hispanic children, 55.9 mg/dL for males
and 52.5 mg/dL for females

— For NH Asian children, 60.7 mg/dL for males
and 56.0 mg/dL for females

Among children 6 to 11 years of age, low levels of

HDL-C (<40 mg/dL) occurred in 5.9% of males and

9.0% of females in 2015 to 2018 (unpublished

NHLBI tabulation using NHANES?).

Among adolescents 12 to 19 years of age, the mean

HDL-C level was 52.4 mg/dL. For males, it was 50.2

mg/dL, and for females, it was 54.8 mg/dL. The

racial/ethnic breakdown was as follows (NHANES

2015-2018,? unpublished NHLBI tabulation):

— For NH White adolescents, 50.2 mg/dL for
males and 55.0 mg/dL for females

— For NH Black adolescents, 54.8 mg/dL for
males and 57.4 mg/dL for females

— For Hispanic adolescents, 49.1 mg/dL for males
and 52.9 mg/dL for females

— For NH Asian adolescents, 51.9 mg/dL for
males and 54.6 mg/dL for females

Low levels of HDL-C (<40 mg/dL) occurred in

18.4% of male adolescents and 7.4% of female

adolescents in 2015 to 2018 (unpublished NHLBI

tabulation using NHANES?).

Conversely, ideal levels of HDL-C (>45 mg/dL)

were present in 75.4% (95% Cl, 72.1% -78.7%)

of all youth 6 to 19 years of age in 2015 to 2016

(Chart 7-1B).3

Adults
e In 2015 to 2018 (unpublished NHLBI tabulation

using NHANES?), the mean level of HDL-C for

American adults =20 years of age was 54.4 mg/

dL. The racial/ethnic breakdown was as follows:

— Among NH White adults, 49.0 mg/dL for males
and 60.9 mg/dL for females

— Among NH Black adults, 53.4 mg/dL for males
and 60.8 mg/dL for females

— Among Hispanic adults, 45.3 mg/dL for males
and 55.0 mg/dL for females

— Among NH Asian adults, 47.4 mg/dL for males
and 60.5 mg/dL for females

Age-adjusted prevalence rates of low HDL-C (<40

mg/dL) for 2015 to 2018 are shown overall and

by sex and race/ethnicity in Table 7-1. Prevalence

rates were higher among males than females and

were highest among Hispanic adults.

Heart Disease and Stroke Statistics—2021 Update: Chapter 7

e Among adolescents 12 to 19 years of age, the
geometric mean triglyceride level in 2013 to 2016
was 61.8 mg/dL. For males, it was 62.2 mg/dL, and
for females, it was 61.3 mg/dL. The racial/ethnic
breakdown was as follows (unpublished NHLBI
tabulation using NHANES?):

— Among NH White adolescents, 63.8 mg/dL for
males and 61.6 mg/dL for females

— Among NH Black adolescents, 45.6 mg/dL for
males and 48.4 mg/dL for females

— Among Hispanic adolescents, 70.2 mg/dL for
males and 68.4 mg/dL for females

— Among NH Asian adolescents, 59.0 mg/dL for
males and 74.0 mg/dL for females

¢ High levels of triglycerides (=130 mg/dL) occurred
in 11.9% of male adolescents and 7.6% of female
adolescents during 2013 to 2016 (unpublished
NHLBI tabulation using NHANES 2013-20162).

o Conversely, ideal levels of triglycerides (<90 mg/dL)
were present in 76.7% (95% Cl, 70.8%-82.5%)
of all adolescents in 2013 to 2014 (Chart 7-1B).3

Adults
e Among American adults =20 years of age, the
geometric mean triglyceride level in 2013 to 2016
was 95.6 mg/dL (unpublished NHLBI tabulation
using NHANES?). The geometric mean triglyceride
levels were 103.0 mg/dL for males and 89.1 mg/dL
for females. The racial/ethnic breakdown was as
follows:
— Among NH White adults, 103.4 mg/dL for
males and 92.1 mg/dL for females
— Among NH Black adults, 82.2 mg/dL for males
and 66.7 mg/dL for females
— Among Hispanic adults, 113.5 mg/dL for males
and 99.7 mg/dL for females
— Among NH Asian adults, 109.9 mg/dL for
males and 84.6 mg/dL for females
® In 2013 to 2016, 22.2% of adults had high tri-
glyceride levels (=150 mg/dL; unpublished NHLBI
tabulation using NHANES?).

Secular Trends in TC and Lipid

Subfractions
Youth
(See Chart 7-1)
e Between 1999 and 2016, there were favorable
trends in mean levels of TC, HDL-C, and non—-HDL-
C among youth 6 to 19 years of age. There were
also favorable trends in levels of LDL-C, triglycerides,
and apoB among adolescents 12 to 19 years of age
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Triglycerides over a similar period (data not available for younger
Youth children). The proportion of youths 6 to 19 years
(See Chart 7-1) of age with all ideal levels of TC, HDL-C, and non—
¢ Limited data are available on triglycerides for chil- HDL-C increased significantly from 42.1% (95% Cl,
dren 6 to 11 years of age. 39.6%-44.7%) in 2007 to 2008 t0 51.4% (95% (I,
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48.5%-54.2%)in 2015 to 2016, and the proportion
with at least 1 adverse level decreased from 23.1%
(95% Cl, 21.5%-24.7%)in 2007 t0 201010 19.2%
(95% Cl, 17.6%-20.8%) in 2013 to 2016 (Chart
7-1). The proportion of adolescents 12 to 19 years of
age with all ideal levels of TC, HDL-C, non-HDL-C,
LDL-C, triglycerides, and apoB did not change sig-
nificantly, from 39.6% (95% Cl, 33.7%-45.4%) in
2007 to 2008 to 46.8% (95% Cl, 40.9%-52.6%)
in 2013 to 2014, and the proportion with at least
1 adverse level remained stable from 2007 to 2010
to 2011 to 2014 at 25.2% (25.2% in 2011-2014
[95% Cl, 22.2%-28.2%]; Chart 7-1).2

Adults (220 Years of Age)
e The prevalence of high TC (=240 mg/dL) has

decreased over time, from 18.3% of adults in

1999 to 2000 to 10.5% in 2017 to 2018.7

— From 1999 to 2018, mean serum TC for adults
>20 years of age decreased across all sub-
groups of race/ethnicity (Chart 7-2).

— Declines in mean TC levels were also observed
among adults receiving lipid-lowering medica-
tion, from 206 mg/dL in 2005 to 2006 to 187
mg/dL in 2015 to 2016.8

— Between 2001 to 2004 and 2013 to 2016,
declines in TC levels were greater among males
(mean TC, 201 and 188 mg/dL, respectively)
than females (mean TC, 203 and 194 mg/dL,
respectively).®

Mean levels of LDL-C decreased from 126.2 mg/dL

during 1999 to 2000 to 112.8 mg/dL during 2015

to 2016. The age-adjusted prevalence of high

LDL-C (=130 mg/dL) decreased from 42.9% dur-

ing 1999 to 2000 to 29.4% during 2015 to 2016

(unpublished NHLBI tabulation using NHANES?).

The prevalence of low HDL-C (<40 mg/dL) declined

from 22.2% in 2007 to 2008 to 16.0% in 2017 to

20187

Mean HDL-C levels were stable between 2001 to

2004 and 2013 to 2016 among both males (from

47 to 48 mg/dL) and females (from 58 to 60 mg/dL),

with no significant differences by sex in changes

over time (P for interaction by sex=0.872).°

Geometric mean levels of triglycerides declined

from 123 mg/dL in 1999 to 2000 to 97 mg/dL in

2013 t0 2014.°

Among males, age-adjusted levels of apoB

declined from 98 mg/dL in 2005 to 2006 to 93

mg/dL in 2011 to 2012 and did not change sub-

sequently through 2015 to 2016; among females,
age-adjusted mean apoB declined from 94 mg/dL

in 2005 to 2006 to 91 mg/dL in 2015 to 2016."
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Family History and Genetics
e There are several known monogenic or mendelian

causes of high blood cholesterol and lipids, the

most common of which is FH, which affects up to

=11in 200 individuals."

High cholesterol is heritable even in families who

do not harbor one of these monogenic forms of

disease.

— GWASs in 100000s of individuals of diverse
ancestry, in addition to use of electronic health
record—based samples, and whole-exome
sequencing (which offers more comprehensive
coverage of the coding regions of the genome)
have brought the current number of known
lipid loci to >200.™-"7

— The loci associated with blood lipid levels are
often associated with cardiovascular and met-
abolic traits, including CAD, type 2 diabetes,
hypertension, waist-hip ratio, and BMI,™® and
mendelian randomization studies confirm
causal associations between LDL-C, triglyc-
erides, non-HDL-C, and CAD and coronary
events but do not support a causal role for
apolipoprotein A1 or HDL-C."%-23

Familial Hypercholesterolemia
¢ FH is a monogenic disorder that has been associated

with mutations in LDLR, APOB, LDLRAPT, and PCSK9,
which affect uptake and clearance of LDL-C.?4%
According to data from NHANES during 1999 to
2014, the estimated US prevalence of definite/
probable FH using the Dutch Lipid Clinic criteria
was 0.47% (SE, 0.03%), and the estimated preva-
lence of severe dyslipidemia (LDL-C =190 mg/dL)
was 6.6% (SE, 0.2%) among adults.?® According
to data from NHANES 1999 to 2012, the estimated
US prevalence of LDL-C =190 mg/dL was 0.42%
(95% Cl, 0.15%-0.70%) among adolescents.'?
According to a meta-analysis of data from 11 mil-
lion individuals worldwide, the pooled estimate of
heterozygous FH prevalence was 0.32% (95% Cl,
0.26%-0.39%), or 1 in 313 individuals worldwide.
The prevalence of homozygous FH was estimated
as 1in 400000.%
Individuals with the FH phenotype (LDL-C =190
mg/dL) experience an acceleration in CHD risk
by 10 to 20 years in males and 20 to 30 years in
females.?® However, individuals with LDL-C =190
mg/dL and a confirmed FH mutation representing
lifelong elevation of LDL-C levels have substantially
higher odds for CAD than those with LDL-C =190
mg/dL without pathogenic mutations.
—Compared with individuals with LDL-C <130 mg/
dL and no mutation, those with both LDL-C =190
mg/dL and an FH mutation had a 22-fold increased
risk for CAD (OR, 22.3[95% Cl, 10.7-53.2]).
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— Compared with individuals with LDL-C <130
mg/dL and no mutation, individuals with
LDL-C =190 mg/dL and no FH mutation had
a 6-fold higher risk for CAD (OR, 6.0 [95% CI,
5.2-6.9]).

In a Norwegian registry—based cohort, adults with

genetic FH also had a significantly higher incidence

of severe aortic stenosis requiring replacement at

a mean of 65 years of age (standardized incidence

ratio, 7.7 [95% Cl, 5.2-11.5] during 18300 per-

son-years of follow-up) compared with the total

Norwegian population (24 incident cases com-

pared with 3.1 expected cases).?

In a 20-year follow-up study, early initiation of

statin treatment among 214 children with FH

was associated with a decrease in LDL-C by 32%,

slowed progression of subclinical atherosclerosis

(carotid IMT change 0.0056 mm/y, not significantly

different from unaffected siblings), and lower

cumulative incidence by 39 years of age of car-
diovascular events compared with affected parents

(0% versus 7% and 1% versus 26% of fatal and

nonfatal cardiovascular events, respectively).>°

On the basis of NHANES 1999 to 2014 data,

despite a high frequency of cholesterol screen-

ing and awareness (>80%), statin use was low
in adults with definite/probable FH (52.3% [SE,

8.2%]) and with severe dyslipidemia (37.6% [SE,

1.2%]).?* Among adults with diagnosed FH in

the CASCADE FH Registry, 25% achieved LDL-C

<100 mg/dL and 41% achieved LDL-C reduction

>50%; factors associated with >50% reduction
from untreated LDL-C levels were high-intensity
statin use (OR, 7.33 [95% Cl, 1.86-28.86]; used

in 42%) and use of >1 medication to lower LDL-C

(OR, 1.80[95% ClI, 1.34-2.41]; used in 45%).3!

Cascade screening, which recommends choles-

terol testing for all first-degree relatives of patients

with FH, can be an effective strategy to identify
affected family members who would benefit from
therapeutic intervention.3 A systematic review of

10 studies of cascade testing for FH identified that

the average yield was 44.8% and the mean new

cases per index case was 1.65.33

In a study of 1.2 million volunteer blood donors,

FH screening identified 1 of 339 individuals who

met criteria for FH, suggesting that leveraging

blood donation to identify and guide early detec-
tion, treatment, and cascade screening may pro-
vide an innovative method for population-based

FH screening.®*

Familial Combined Hyperlipidemia
e Familial combined hyperlipidemia is a complex oli-

gogenic disorder that affects 1% to 3% of the gen-
eral population, which makes it the most prevalent

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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primary dyslipidemia. In individuals with premature
CAD, the prevalence is up to 10% to 14%. Familial
combined hyperlipidemia has a heterogeneous clini-
cal presentation within families and within individuals,
including fluctuating elevations in LDL-C or triglycer-
ides, as well as elevated apoB levels. Environmental
interactions are important in familial combined hyper-
lipidemia, and metabolic comorbidities are common.
Probably because of its complex nature, familial com-
bined hyperlipidemia remains underdiagnosed.3®

Screening
¢ Nearly 70% of adults (67% of males and 72% of

females) reported that they had been screened
for cholesterol (defined as reporting that they had
their cholesterol checked with the past 5 years)
according to data from NHANES 2011 to 2012,
which were unchanged since 2009 to 2010.3¢
— Among NH White adults, 71.8% were screened
(70.6% of males and 72.9% of females).
— Among NH Black adults, 71.9% were screened
(66.8% of males and 75.9% of females).
— Among NH Asian adults, 70.8% were screened
(70.6% of males and 70.9% of females).
— Among Hispanic adults, 59.3% were screened
(54.6% of males and 64.2% of females).
According to BRFSS 2017, the state with the high-
est age-adjusted percentage of adults who had
their blood cholesterol checked in the past 5 years
was New Jersey (90.0%), whereas the state with
the lowest percentage was Alaska (74.7%).>
In the United States, universal cholesterol screen-
ing is recommended for all children between 9
and 11 years of age and again between 17 and
21 years of age, and reverse-cascade screen-
ing of family members is recommended for
children found to have moderate to severe
hypercholesterolemia.'3®
— Despite published guidelines, in a 2013 to
2014 survey of 614 practicing pediatricians in
the United States, only 30.3% and 42.4% of
pediatricians reported that they usually/most/
all of the time screened healthy 9- to 11-year-
olds and 17- to 21-year-olds, respectively.®
— It has been estimated that in the United States
the numbers of children 10 years of age
needed to universally screen to identify 1 case
of severe hyperlipidemia (LDL-C =190 mg/dL
or LDL-C =160 mg/dL plus family history) or
any hyperlipidemia (LDL-C =130 mg/dL) were
111 and 12, respectively. These numbers were
49 and 7, respectively, for a targeted screen-
ing program based on parental dyslipidemia or
early CVD in a first-degree relative. The incre-
mental costs of detection per case for universal
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(versus targeted) screening were $32 170 for
severe and $1980 for any hyperlipidemia, and
the universal (versus targeted) strategy would
annually detect =8000 more children with
severe hyperlipidemia and 126 000 more chil-
dren with any hyperlipidemia.°

Awareness
e Among US adults who were considered eligible for

lipid-lowering therapy on the basis of the 2013 ACC/
AHA guidelines, the proportion who reported being
told that they had high cholesterol (awareness of
high cholesterol) increased from 63.6% (95% Cl,
59.0%-68.2%) to 69.4% (95% Cl, 65.0%-73.9%)
between 2005 to 2006 and 2015 to 2016.8

Among US adults with a history of clinical ASCVD,
the proportion who were aware of high cho-
lesterol levels increased from 51.5% to 67.7%
between 2005 to 2006 and 2015 to 2016 (P for
linear trend=0.07).8

According to NHANES 2005 to 2014 data, aware-
ness among young adults 18 to 39 years of age
with high (=240 mg/dL) or borderline high (200-
239 mg/dL) TC was 56.9% (SE, 2.4%) and 22.5%
(SE, 1.4%), respectively." Independent predictors
of awareness included older age (OR, 2.35 [95%
Cl, 1.53-3.61] for 30-39 versus 18-29 years of
age), having insurance (OR, 2.14 [95% Cl, 1.25-
3.65]), and private clinic or doctor’s office as usual
source of care (OR, 2.09 [95% Cl, 1.24-3.53] ver-
sus no usual source).

Treatment
e Among US adults eligible for statins on the basis of

the 2018 Cholesterol Clinical Practice Guideline,’

self-reported statin use was estimated with

NHANES data from 2011 to 2014 as follows*?:

— For adults =21 years of age with ASCVD,
self-reported statin use was 64.6% overall
(in 2013-2014), was lower among females
(58.5%) than males (68.9%), and differed by
race and ethnicity (67.7% among NH White,
56.1% among NH Black, 56.7% among NH
Asian, and 43.9% among Hispanic adults).

—For adults =21 years of age with LDL-C =190 mg/
dL, self-reported statin use was 65.5% overall
(in 2013-2014), was higher among females
(65.3%) than males (55.3%), and differed by
race and ethnicity (65.2% among NH White,
65.9% among NH Black, 56.4% among NH
Asian, and 54.1% among Hispanic adults).

— For adults 40 to 75 years of age with diabe-
tes, self-reported statin use was 46.2% over-
all (in 2013-2014), was lower among females
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(42.3%) than males (49.1%), and differed by
race and ethnicity (47.3% among NH White,
42.1% among NH Black, 49.8% among NH
Asian, and 33.9% among Hispanic adults).

— For adults 40 to 75 years of age with 10-year
predicted ASCVD risk >7.5%, self-reported
statin use was 30.3% overall (in 2013-2014),
was lower among females (26.3%) than males
(33.8%), and differed by race and ethnicity
(31.7% among NH White, 25.6% among NH
Black, 31.5% among NH Asian, and 22.7%
among Hispanic adults).

Among 49447 patients with LDL-C =190 mg/dL
in the ACC NCDR PINNACLE registry of cardiology
practices between 2013 and 2016, the propor-
tions documented as receiving a statin, high-inten-
sity statin, any lipid-lowering therapy associated
with 250% reduction in LDL-C level, ezetimibe,
or PCSK9 inhibitor were 58.5%, 31.9%, 34.6%,
8.5%, and 1.5%, respectively, with even lower
treatment rates among the subset of individu-
als without preexisting ASCVD. After adjustment
for patient and practice characteristics, there was
>200% variation in treatment rates across prac-
tices for most medications.*®
Among 5693 participants in PALM, a nation-
wide registry of ambulatory community practices,
females were less likely than males to receive statin
dosing at the guideline-recommended intensity
(36.7% versus 45.2%; P<0.001) and were more
likely not to have ever been offered statin ther-
apy despite being eligible (18.6% versus 13.5%;
P<0.001) compared with males.*
The REGARDS* study (2003-2007) showed dispari-
ties in statin use by race and sex among individuals
with diabetes and LDL-C >100 mg/dL. White males
had the highest rates of statin use (66.0%), followed
by Black males (57.8%), White females (55.0%),
and Black females (53.6%). Race-sex differences per-
sisted after accounting for access to medical care.
Among US adults with TC =240 mg/dL, rates
of treatment with lipid-lowering therapy have
increased over time but remain persistently lower
in females compared with males (40% compared
with 48% in 2001-2004 and 56% compared
with 67% in 2013-2016 in females versus males,
respectively).®

Among 63576 adult patients in the Veterans Affairs

Health System between 2011 and 2014 with LDL-C

>190 mg/dL but no diabetes or ASCVD, 52%

received statin therapy and 9.7% received high-

intensity statin therapy, with lower treatment rates
among women (versus men) and patients <35 or
>75 years of age (versus 35-75 years of age). High-
intensity statin use increased over time from 8.6% in
2011 t0 13.6% in 2014 (P<0.001).4

Circulation. 2021;143:254—-e743. DOI: 10.1161/CIR.0000000000000950



T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Virani et al

e Among US adults with diabetes, statin use

increased from 48.3% to 60.2% between 2005 to
2006 and 2015 to 2016.2

e Among US adults with a 10-year predicted

ASCVD risk 27.5%, the proportion taking a statin
increased from 27.9% to 32.5% between 2005 to
2006 and 2015 to 2016.8

Control
e Rates of control are difficult to assess in the con-

text of the 2018 Cholesterol Clinical Practice

Guideline,” which is focused on treating risk and

not targeting lipid levels. However:

— During 2013 to 2016 among US adults at
increased risk because of history of CVD, signif-
icant sex differences existed in control, defined
as TC <240 mg/dL (77.1% versus 91.0% of
females and males were controlled; difference,
-13.8% [95% Cl, —=21.3% to —6.4%]).°

— During 2013 to 2016 among US adults at
increased risk because of type 2 diabetes, when
control was defined as LDL-C <100 mg/dL in
those without ASCVD and LDL-C <70 mg/dL in
those with ASCVD, only 49.3% overall (56.8%
of those without ASCVD and 26.4% of those
with ASCVD) achieved control.*

The REGARDS* study (2003-2007) showed dis-

parities in LDL-C control (defined as LDL-C <100

mg/dL among those taking statins) by race and sex
among individuals with diabetes. White males had
the highest rates of control (75.3%), followed by

White females (69.0%), Black males (62.7%), and

Black females (56.0%). Race-sex differences per-

sisted after accounting for access to medical care.

Mortality and Complications
¢ Among 4184 individuals free of conventional car-

diovascular risk factors in the PESA study, subclini-

cal atherosclerosis (plaque or CAC) was present in

49.7% and was associated with LDL-C at levels

currently considered normal.*®

— The prevalence of atherosclerosis increased lin-
early from the LDL-C 60 to 70 mg/dL category
to the 150 to 160 mg/dL category (from 11%
to 64%, respectively; P<0.001).

— A similar pattern was seen for the extent
(focal, intermediate, or generalized disease)
and number of vascular sites affected with
atherosclerosis.

Long-term exposure to even modestly elevated choles-

terol levels can lead to CHD later in life.%® In an analysis

of time-weighted average exposures to LDL-C during
young (18-39 years of age) versus later (=40 years of
age) adulthood among 36030 participants from 6 US

Circulation. 2021;143:e254—743. DOI: 10.1161/CIR.0000000000000950
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cohorts, CHD rates were significantly elevated among

individuals who had young-adult LDL-C =100 mg/

dL (versus <100 mg/dL), independently of later adult

exposures (adjusted HR, 1.64 [95% CI, 1.27-2.11]).

Specifically, compared with LDL-C <100 mg/dL,

adjusted HRs were as follows: for LDL-C 100 to 129

mag/dL, HR, 1.62 (95% Cl, 1.25-2.10); for LDL-C 130

to 159 mg/dL, HR, 1.89 (95% Cl, 1.43-2.50); and for

LDL-C =160 mg/dL, HR, 2.03 (95% Cl, 1.47-2.82; P

for trend across LDL-C categories <0.001).4

In a large study of Health Survey for England and

Scottish Health Survey participants (n=37059),

on the basis of 2250 deaths of all causes during

326016 person-years of follow-up®°:

— A U-shaped association of all-cause mortality
was seen with the lowest HDL-C (<38.7 mg/
dL; HR, 1.23 [95% ClI, 1.06-1.44]) and high-
est HDL-C (=96.7 mg/dL; HR, 1.25 [95% C],
0.97-1.62)).

— Association with CVD mortality was linear, with
increased risk in those with the lowest HDL-C
(«38.7 mg/dL; HR, 1.49 [95% Cl, 1.15-1.94]).

A mendelian randomization analysis of data from
654 783 participants including 91 129 cases of CHD
demonstrated that triglyceride-lowering variants
in the lipoprotein lipase gene and LDL-C—lowering
variants in the LDL receptor gene were associated
with similarly lower CHD risk when evaluated per
10-mg/dL lower apoB level (OR, 0.771 [95% Cl,
0.741-0.802] and 0.773 [95% Cl, 0.747-0.801]),
respectively. This suggested that the clinical benefit
of both triglycerides and LDL-C lowering might be
related to the absolute reduction in apoB-contain-
ing lipoprotein particles (very-low-density lipopro-
tein and LDL particles, respectively).?
In a systematic review and trial-level meta-regression
analysis that included 197270 participants from 24
nonstatin trials and 25 statin trials, the RR of major
vascular events was 0.80 (95% Cl, 0.76-0.85) per
1-mmol/L reduction in LDL-C (or 0.79 per 40 mg/dL)
and 0.84 (95% Cl, 0.75-0.94) per 1-mmol/L reduc-
tion in triglycerides (0.92 per 40 mg/dL).>!

In a meta-analysis of individual-level data from 29069

patients in 7 statin trials, both baseline and on-statin

Lp(a) concentrations were linearly associated with

risk for CVD events, defined as fatal or nonfatal CHD,

stroke, or coronary or carotid revascularization. Lp(a)
levels of =30 mg/dL at baseline or =50 mg/dL on
statin treatment were associated with increased risks
compared with levels <15 mg/dL, with adjusted HRs

of 1.11(95% Cl, 1.00-1.22) for baseline levels of 30

to <50 mg/dL, 1.31 (95% Cl, 1.08-1.58) for baseline

levels =50 mg/dL, and 1.43 (95% Cl, 1.15-1.76) for
on-statin levels =50 mg/dL.*
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Cost
¢ Inan analysis of 2016 US health care spending, hyper-

lipidemia ranked the 35th most expensive health
condition, with estimated spending of $26.4 billion
(95% Cl, 24.3-29.4 billion) overall.>* Costs were split
relatively evenly between younger and older adults
(51.0% for 20-64 years of age, 48.4% for =65 years
of age, 0.6% for <20 years of age), were higher for
public versus private insurance (49.1% public insur-
ance, 43.8% private insurance, 7.1% out-of-pocket
payments), and were concentrated in prescription
medications and ambulatory visits (45.6% prescribed
pharmaceuticals, 33.4% ambulatory care, 5.9%
inpatient care, 4.7% nursing care facility, 0.5% ED).
Hyperlipidemia was among the conditions with high-
est annual spending growth for public insurance from
1999 to 2016 at 9.3% (95% Cl, 8.2%-10.4%) per
year; annual spending growth for hyperlipidemia was
5.2% overall, 4.0% for private insurance, and —0.9%
for out-of-pocket payments.

Ina 2017 analysis, it was estimated that under the
2013 ACC/AHA guideline on treatment of blood
cholesterol, compared with ATP Il guidelines,
12.3 million more Americans would be treated
with statins over the years 2016 to 2025, increas-
ing treatment costs by $13.3 billion. Despite the
higher screening and treatment costs, the 2013
ACC/AHA guideline was projected to save 43100
lives and 183000 QALYs and result in a net cost
savings of $3.9 billion.> In the United States, only
47% of patients who were prescribed PCSK9
inhibitors had at least 1 prescription approved

Heart Disease and Stroke Statistics—2021 Update: Chapter 7

between July 2015 and August 2016.5 Approval
rates were highest for Medicare (60.9%) and low-
est for private third-party payers (24.4%).

Global Burden of Hypercholesterolemia
(See Chart 7-5)

e According to the GBD 2019 study of leading risk

factors for global mortality among 204 participat-
ing countries, high LDL-C accounted for 4.4 mil-
lion (95% Ul, 3.3-5.7 million) deaths worldwide.
From 1990 to 2019, the percent change in total
number of deaths was 46.4 (95% Ul, 35.2-55.6),
and the percent change in age-standardized mor-
tality rate was —36.7 (95% Ul, —-40.6 to -33.1).%¢
In 2019, the mortality rate (per 100000) attributable
to high LDL-C was highest in Eastern Europe, Central
Asia, North Africa, and the Middle East (Chart 7-5).
A report on trends in TC in 199 countries and ter-
ritories indicated that between 1980 and 2008,
mean TC levels declined in high-income regions
of the world (Australasia, North America, and
Western Europe) and in Central and Eastern
Europe but increased in East and Southeast Asia
and the Pacific.>” Nevertheless, mean TC levels in
2008 were highest in the high-income region of
Australasia, North America, and Western Europe
(regional mean, 202.6 mg/dL [95% Cl, 196.4—
208.4] for males and 202.2 mg/dL [95% Cl,
194.5-210.0] for females) and lowest in sub-Saha-
ran Africa (157.8 mg/dL [95% Cl, 147.7-167.8]
for males and 165.1 mg/dL [95% Cl, 154.3-176.3]
for females).

Table 7-1. High TC and LDL-C and Low HDL-C, United States (=20 Years of Age)

T20Z ‘T Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Prevalence of TC Prevalence of TC Prevalence of LDL-C Prevalence of HDL-C
>200 mg/dL, 2240 mg/dL, 2130 mg/ dL, <40 mg/dL,
Population group 2015-2018 2015-2018 2013-2016 2015-2018
Both sexes 93900000 (38.1) 28000000 (11.5) 69600000 (28.9) 41900000 (17.2)
Males 41600000 (35.3) 12200000 (10.5) 34800000 (30.1) 31600000 (26.6)
Females 52300000 (40.4) 15800000 (12.1) 34800000 (27.6) 10300000 (8.5)
NH White males 35.0 10.1 294 26.3
NH White females 41.8 13.1 29.7 7.4
NH Black males 31.0 9.2 295 17.0
NH Black females 334 10.5 234 7.9
Hispanic males 37.7 12.4 335 32.0
Hispanic females 37.3 9.2 23.8 12.3
NH Asian males 38.6 13.0 322 26.4
NH Asian females 38.6 10.3 25.1 6.7

Values are number (percent) or percent. Prevalence of TC =200 mg/dL includes people with TC 2240 mg/dL. In adults, levels of 200 to
239 mg/dL are considered borderline high. Levels of >240 mg/dL are considered high. Data for TC, LDL-C, and HDL-C are age adjusted.

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NH, non-Hispanic; and TC, total
cholesterol.

Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Health and Nutrition Examination Survey
(2013-2016 and 2015-2018),2 applied to 2016 population estimates for data from 2013 to 2016 and 2018 population estimates for data
from 2015 to 2018.
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Chart 7-1. Proportions of US youth with adverse and ideal lipid levels in the period 1999 to 2016, NHANES.

A, Adverse lipid levels. B, Ideal lipid levels. TC, HDL-C, and non-HDL-C are shown for all youth 6 to 19 years of age, and triglycerides, LDL-C, and any/all lipids plus
apoB are shown for fasting adolescents 12 to 19 years of age. A, For adverse lipid levels, the earlier and later periods shown for each lipid are as follows: 1999 to
2006 and 2009 to 2016 for TC; 2007 to 2010 and 2013 to 2016 for HDL-C; 2007 to 2010 and 2013 to 2016 for non-HDL-C; 1999 to 2006 and 2007 to 2014
for triglycerides; 1999 to 2006 and 2007 to 2014 for LDL-C; 2007 to 2010 and 2013 to 2016 for any of TC, HDL-C, or non-HDL-C; and 2007 to 2010 and 2011
to 2014 for any lipid or apoB. B, For ideal lipid levels, the earlier and later periods shown for each lipid are as follows: 1999 to 2000 and 2015 to 2016 for TC;
2007 to 2008 and 2015 to 2016 for HDL-C; 2007 to 2008 and 2015 to 2016 for non—-HDL-C; 1999 to 2000 and 2013 to 2014 for triglycerides; 1999 to 2000 and
2013 to 2014 for LDL-C; 2007 to 2008 and 2015 to 2016 for TC, HDL-C, and non-HDL-C; and 2007 to 2008 and 2013 to 2014 for all lipids and apoB.

apoB indicates apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NHANES, National Health and Nutrition
Examination Survey; and TC, total cholesterol.

Source: Data derived from Perak et al.?
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Chart 7-2. Age-adjusted trends in mean serum total cholesterol among US adults 220 years of age by race and survey year (NHANES, 1999-2002,
2007-2010, and 2015-2018).

Values are in milligrams per deciliter.

NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.

*Data for the category of Mexican American people were consistently collected in all NHANES years, but the combined category of Hispanic people was used
starting only in 2007. Consequently, for long-term trend data, the category of Mexican American people is used.

Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 1999 to 2018.2
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Chart 7-3. Age-adjusted trends in the prevalence of serum total cholesterol >200 mg/dL in US adults >20 years of age by race/ethnicity, sex, and
survey year (NHANES, 2015-2016 and 2017-2018).

NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.

Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2015 to 2018.2
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Chart 7-4. Age-adjusted trends in the prevalence of serum total cholesterol 2240 mg/dL in US adults 220 years of age by race/ethnicity, sex, and
survey year (NHANES, 2015-2016 and 2017-2018).

NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.

Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2015 to 2018.2
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Chart 7-5. Age-standardized global mortality rates attributable to high low-density lipoprotein cholesterol per 100000, both sexes, 2019.
Source: Data derived from Global Burden of Disease Study 2019, Institute for Health Metrics and Evaluation, University of Washington.*® Printed with permission.
Copyright © 2020, University of Washington. Detailed results are available on the Global Burden of Disease Study website.>®
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