








Chart 15-2. Age-adjusted prevalence of obesity in adults 20 to 74 years of age by sex and survey year (National Health Examination
Survey: 1960–1962; National Health and Nutrition Examination Survey: 1971–1975, 1976–1980, 1988–1994, 1999–2002, and 2003–
2006). Obesity is defined as a body mass index of �30.0 kg/m2. Data derived from Health, United States, 2009 (National Center for
Health Statistics).44

Chart 15-3. Trends in the prevalence of overweight among US children and adolescents by age and survey year (National Health and
Nutrition Examination Survey: 1976–1980, 1988–1994, 1999–2002, and 2003–2006). Data derived from Health, United States, 2009
(National Center for Health Statistics).44
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16. Risk Factor: Diabetes Mellitus

ICD-9 250; ICD-10 E10–E14. See Table 16-1 and Charts
16-1 through 16-4.

Prevalence

Youth

● In SEARCH, the prevalence of DM in youths �20 years of
age in 2001 in the United States was 1.82 cases per 1000

youths (0.79 per 1000 among youths 0 to 9 years of age and
2.80 per 1000 among youths 10 to 19 years of age).
Non-Hispanic white youths had the highest prevalence
(1.06 per 1000) in the younger group. Among youths 10 to
19 years of age, black youths (3.22 per 1000) and non-
Hispanic white youths (3.18 per 1000) had the highest
rates, followed by American Indian youths (2.28 per 1000),
Hispanic youths (2.18 per 1000), and Asian/Pacific Is-
lander youths (1.34 per 1000). Among younger children,
type 1 DM accounted for �80% of DM; among older
youths, the proportion of type 2 DM ranged from 6% (0.19
per 1000 for non-Hispanic white youths) to 76% (1.74 per
1000 for American Indian youths). This translates to
154 369 youths with physician-diagnosed DM in 2001 in
the United States, for an overall prevalence estimate for
DM in children and adolescents of �0.18%.1

● Approximately 186 000 people �20 years of age have DM.
Each year, �15 000 people �20 years of age are diagnosed
with type 1 DM. Healthcare providers are finding more and
more children with type 2 DM, a disease usually diagnosed
in adults �40 years of age. Children who develop type 2
DM are typically overweight or obese and have a family
history of the disease. Most are American Indian, black,
Asian, or Hispanic/Latino.2

● Among adolescents 10 to 19 years of age diagnosed with
DM, 57.8% of blacks were diagnosed with type 2 versus
type 1 DM compared with 46.1% of Hispanic and 14.9% of
white youths.3

● According to the Bogalusa Heart Study, a long-term
follow-up study of youths aging into adulthood, youths
who were prediabetic or who had DM are more likely to
have a constellation of metabolic disorders in young
adulthood (19 to 44 years of age), including obesity,
hypertension, dyslipidemia, and metabolic syndrome, all of
which predispose to CHD.4

Adult

● On the basis of data from NHANES 2005 to 2008 (NCHS;
unpublished NHLBI tabulation) (Table 16-1), an estimated
18 300 000 Americans �20 years of age have physician-
diagnosed DM. An additional 7 100 000 adults have undi-
agnosed DM and about 81 500 000 adults have prediabetes
(eg, fasting blood glucose of 100 to �126 mg/dL). The
prevalence of prediabetes in the US adult population is
nearly 37%.

● Data from NHANES 2005 to 2006 (NCHS) showed the
prevalence of diagnosed DM in adults �65 years of age to
be 17.0%. The prevalence of undiagnosed DM was 14.6%
(based on fasting glucose or oral glucose tolerance testing).5

● Among Americans �20 years of age, 7.7% have diagnosed
DM. Women �20 years of age have a slightly higher
prevalence (8.3%) than men (7.2%) (NHANES) (NCHS).5

● Data from NHANES (NCHS) show a disproportionately
high prevalence of DM in non-Hispanic blacks compared
with non-Hispanic whites.5

● After adjustment for population age differences, 2004 to
2006 national survey data for people �20 years of age
indicate that 6.6% of non-Hispanic whites, 7.5% of Asian

Abbreviations Used in Chapter 16

ACS acute coronary syndrome

AHRQ Agency for Healthcare Research and Quality

AMI acute myocardial infarction

ARIC Atherosclerosis Risk in Communities study

BMI body mass index

BP blood pressure

BRFSS Behavioral Risk Factor Surveillance System

CDC Centers for Disease Control and Prevention

CHD coronary heart disease

CHS Cardiovascular Health Study

CI confidence interval

CVD cardiovascular disease

DM diabetes mellitus

FHS Framingham Heart Study

HbA1c glycosylated hemoglobin

HD heart disease

HR hazard ratio

ICD International Classification of Diseases

kg/m2 kilograms per square meter

LDL low-density lipoprotein

mg/dL milligrams per deciliter

MESA Multi-Ethnic Study of Atherosclerosis

MI myocardial infarction

mm Hg millimeter of mercury

NCHS National Center for Health Statistics

NHANES National Health and Nutrition Examination Survey

NHDS National Hospital Discharge Survey

NHIS National Health Interview Survey

NHLBI National Heart, Lung, and Blood Institute

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases

NIH National Institutes of Health

NINDS National Institute of Neurological Disorders and Stroke

NSTEMI non–ST-segment–elevation myocardial infarction

OR odds ratio

PA physical activity

RR relative risk

SBP systolic blood pressure

SEARCH Search for Diabetes in Youth Study

STEMI ST-segment–elevation myocardial infarction

TIMI Thrombolysis in Myocardial Infarction

UA unstable angina
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Americans, 10.4% of Hispanics, and 11.8% of non-
Hispanic blacks had diagnosed DM.6

● In 2004 to 2006, the prevalence of diagnosed DM was
more than twice as high for Asian Indian adults (14%) as
for Chinese (6%) or Japanese (5%) adults.7

● Type 2 DM accounts for 90% to 95% of all diagnosed cases
of DM in adults.8 In Framingham, MA, 99% of DM is type
2.9

● The prevalence of DM increased by 8.2% from 2000 to
2001. From 1990 to 2001, the prevalence of those diag-
nosed with DM increased 61%.10

● On the basis of 2009 BRFSS (CDC) data, the prevalence of
adults who reported ever having been told by a physician
that they had DM ranged from 5.8% in Alaska and
Colorado to 12.4% in West Virginia. The median percent-
age among states was 8.3%.11

● The CDC analyzed data from 1994 to 2004 collected by the
Indian Health Service that indicated that the age-adjusted
prevalence per 1000 population of DM increased 101.2%
among American Indian/Alaska Native adults �35 years of
age (from 8.5% to 17.1%). During this time period, the
prevalence of diagnosed DM was greater among females
than males in all age groups.12

● The prevalence of DM for all age groups worldwide was
estimated to be 2.8% in 2000 and is projected to be 4.4%
in 2030. The total number of people with DM is projected
to rise from 171 million in 2000 to 366 million in 2030.13

● On the basis of projections from NHANES/NCHS studies
between 1984 and 2004, the total prevalence of DM in the
United States is expected to more than double from 2005 to
2050 (from 5.6% to 12.0%) in all age, sex, and race/
ethnicity groups. Increases are projected to be largest for
the oldest age groups (for instance, increasing by 220%
among those 65 to 74 years of age and by 449% among
those �75 years of age). DM prevalence is projected to
increase by 99% among non-Hispanic whites, by 107%
among non-Hispanic blacks, and by 127% among Hispan-
ics. The age/race/ethnicity group with the largest increase
is expected to be blacks �75 years of age (increase of
606%).14

Incidence

Youths

● In the SEARCH study, the incidence of DM in youths
overall was 24.3 per 100 000 person-years. Among chil-
dren �10 years of age, most had type 1 DM, regardless of
race/ethnicity. The highest rates of incident type 1 DM
were observed in non-Hispanic white youths (18.6, 28.1,
and 32.9 per 100 000 person-years for age groups of 0 to 4,
5 to 9, and 10 to 14 years, respectively). Overall, type 2
DM was relatively infrequent, with the highest rates (17.0
to 49.4 per 100 000 person-years) seen among 15- to 19-year-
old minority groups.3

Adults

● A total of 1 600 000 new cases of DM were diagnosed in
people �20 years of age in 2006.6

● Data from Framingham, MA, indicate a doubling in the
incidence of DM over the past 30 years, most dramatically
during the 1990s. Among adults 40 to 55 years of age in
each decade of the 1970s, 1980s, and 1990s, the age-
adjusted 8-year incidence rates of DM were 2.0%, 3.0%,
and 3.7% among women and 2.7%, 3.6%, and 5.8% among
men, respectively. Compared with the 1970s, the age- and
sex-adjusted OR for DM was 1.40 in the 1980s and 2.05 in
the 1990s (P for trend�0.0006). Most of the increase in
absolute incidence of DM occurred in individuals with a
BMI �30 kg/m2 (P for trend�0.03).15

● DM incidence in adults also varies markedly by race. Over
5 years of follow-up in 45- to-84-year-olds in the MESA,
8.2% of the cohort developed DM. The cumulative inci-
dence was highest in Hispanics (11.3%), followed by black
(9.5%), Chinese (7.7%), and white (6.3%) participants.16

Mortality
DM mortality in 2007 was 71 382. Any-mention mortality in
2007 was 231 402 (NHLBI tabulation of NCHS mortality data).

● The 2007 overall underlying-cause death rate owing to DM
was 22.5. Death rates per 100 000 people were 24.6 for white
males, 45.9 for black males, 17.2 for white females, and 40.2
for black females (NCHS, Health Data Interactive Web site
http://www.cdc.gov/nchs/hdi; accessed July 19, 2010).

● According to data from the National Diabetes Information
Clearinghouse, the National Institute of Diabetes and
Digestive and Kidney Diseases (NIDDK), and the National
Institutes of Health (NIH):

— At least 65% of people with DM die of some form of
HD or stroke.

— HD death rates among adults with DM are 2 to 4 times
higher than the rates for adults without DM.17

● FHS/NHLBI data show that having DM significantly
increased the risk of developing CVD (HR, 2.5 for
women and 2.4 for men) and of dying when CVD was
present (HR, 2.2 for women and 1.7 for men). Diabetic
men and women �50 years of age lived an average of
7.5 and 8.2 years less than their nondiabetic equivalents.
The differences in life expectancy free of CVD were 7.8
and 8.4 years, respectively.18

● Analysis of data from NHANES 1971 to 2000 found that
men with DM experienced a 43% relative reduction in the
age-adjusted mortality rate, which is similar to that of nondi-
abetic men. Among women with DM, however, mortality
rates did not decrease, and the difference in mortality rates
between diabetic and nondiabetic women doubled.19

● During 1979 to 2004, DM death rates for black youths 1 to
19 years of age were approximately twice those for white
youths. During 2003 to 2004, the annual average DM death
rate per 1 million youths was 2.46 for black youths and
0.91 for white youths.20

● Analysis of data from the FHS from 1950 to 2005 found
reductions in all-cause and CVD mortality among men and
women with and without DM. However, all-cause and CVD
mortality rates among individuals with DM remain �2-fold
higher compared with individuals without DM.21
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Awareness

● The NIDDK estimates that 23.6 million Americans (7.8%
of the population) have DM.6

● Analysis of NHANES/NCHS data from 1988 to 1994 to
1999 to 2005 to 2006 in adults �20 years of age showed
that 40% of those with DM did not know they had it.5

Although the prevalence of diagnosed DM has increased
significantly over the past decade, the prevalences of
undiagnosed DM and impaired fasting glucose have re-
mained relatively stable. Minority groups remain dispro-
portionately affected.22

● Analysis of NHANES/NCHS data collected during 2005 to
2008 indicated that the prevalence of DM was 8.2% among
people �20 years of age. Prevalence of DM was defined as
people who were told by a physician or other health
professional that they have DM. Of the estimated 18 300
adults with DM, 73.3% were told or were on treatment and
26.7% (5.7 million) were unaware of the diagnosis. Of
7 895 000 people being treated (37.3% of the diabetic
population), one third of them (2 604 000) were controlled
(ie, on treatment with fasting plasma glucose �126 mg/dL)
and 25.0% (5 300 000) were treated and uncontrolled
(fasting plasma glucose �126 mg/dL). An estimated
13 300 000 individuals with DM are not treated. The
untreated and unaware population (5 600 000) was 26.7%
of the diabetic population (NHLBI tabulation of NHANES
2003 to 2006) (see Chart 16-4).

Aftermath

● Although the exact date of DM onset can be difficult to
determine, duration of DM appears to affect CVD risk.
Longitudinal data from Framingham, MA, suggest that the
risk factor–adjusted relative risk of CHD was 1.38 (95%
CI, 0.99 to 1.92) times higher and the risk for CHD death
was 1.86 (95% CI, 1.17 to 2.93) times higher for each
10-year increase in duration of DM.23

● DM increases the risk of stroke, with the RR ranging from
1.8 to almost 6.0.24

● Ischemic stroke patients with DM are younger, more likely
to be black, and more likely to have hypertension, MI, and
high cholesterol than nondiabetic patients. DM increases
ischemic stroke incidence at all ages, but this risk is most
prominent before 55 years of age in blacks and before 65
years of age in whites.25

● On the basis of data from the NCHS/NHIS, 1997 to 2005:26

— During 1997 to 2005, the estimated number of people
�35 years of age with DM with a self-reported cardio-
vascular condition increased 36%, from 4.2 million in
1997 to 5.7 million in 2005. However, the age-adjusted
prevalence of self-reported CVD conditions among
people with diagnosed DM �35 years of age decreased
11.2%, from 36.6% in 1997 to 32.5% in 2005.

— During 1997 to 2005, age-adjusted CVD prevalence
was higher among men than women, among whites
than blacks, and among non-Hispanics than Hispanics.
Among women, the age-adjusted prevalence decreased
by 11.2%; among men, it did not decrease significantly.

Among blacks, the age-adjusted prevalence of self-
reported CVD decreased by 25.3%; among whites, no
significant decrease occurred; among non-Hispanics, the
rate decreased by 12%. No clear trends were detected
among Hispanics. If the total number of people with DM
and self-reported CVD increased over this period but
proportions with self-reported CVD declined, the data
suggest that the mean age at which people have been
diagnosed is decreasing, or the higher CVD mortality rate
among older diabetic individuals is removing them from
ability to self-report CVD. These and other data show a
consistent increase over time in the United States of the
number of people with DM and CVD.

● Statistical modeling of the use and effectiveness of specific
cardiac treatments and of changes in risk factors between
1980 and 2000 among US adults 25 to 84 years of age
showed that the age-adjusted death rate for CHD decreased
from 543 to 267 deaths per 100 000 population among men
and from 263 to 134 deaths per 100 000 population among
women. Approximately 47% of this decrease was attrib-
uted to treatments, and �44% was attributed to changes in
risk factors, although reductions were offset in part by
increases in BMI and the prevalence of DM, which
accounted for an increased number of deaths (8% and 10%,
respectively).27 An analysis from the Cooper Clinic in
Dallas, TX, of exercise electrocardiographic responses and
CVD mortality in 2854 men with DM reported 441 deaths
(210 CVD and 133 CHD) over a follow-up of 16 years.
That analysis showed that equivocal and abnormal exercise
electrocardiographic responses were associated with higher
risk of all-cause, CVD, and CHD mortality. Across normal,
equivocal, and abnormal exercise electrocardiographic
groups, age- and examination year–adjusted CHD mortal-
ity rates per 10 000 person-years were 23.0, 48.6, and 69.0,
respectively (P for trend �0.001), and risk factor–adjusted
HRs were 1.00, 1.68 (95% CI, 1.01 to 2.77), and 2.21 (95%
CI, 1.41 to 3.46; P for trend �0.001), respectively.28

● A subgroup analysis was conducted of patients with DM
enrolled in randomized clinical trials that evaluated ACS
therapies. The data included 62 036 patients from TIMI
studies (46 577 with STEMI and 15 459 with unstable
angina/non-STEMI [UA/NSTEMI]). Of these, 17.1% had
DM. Modeling showed that mortality at 30 days was
significantly higher among patients with DM than among
those without DM who presented with UA/NSTEMI (2.1%
versus 1.1%; P�0.001) and STEMI (8.5% versus 5.4%;
P�0.001), with adjusted risks for 30-day mortality in DM
versus no DM of 1.78 for UA/NSTEMI (95% CI, 1.24 to
2.56) and 1.40 (95% CI, 1.24 to 1.57) for STEMI. DM was
also associated with significantly higher mortality 1 year
after UA/NSTEMI or STEMI. By 1 year after ACS,
patients with DM presenting with UA/NSTEMI had a risk
of death that approached that of patients without DM
presenting with STEMI (7.2% versus 8.1%).29

● Data from the ARIC study of the NHLBI found that DM
was a weaker predictor of CHD in blacks than in whites.30

● Data from Framingham, MA, show that despite improve-
ments in CVD morbidity and mortality, DM continues to
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elevate CVD risk. Participants 45 to 64 years of age from
the FHS original and offspring cohorts who attended
examinations in 1950 to 1966 (“earlier” time period) and
1977 to 1995 (“later” time period) were followed up for
incident MI, CHD death, and stroke. Among participants
with DM, the age- and sex-adjusted CVD incidence rate
was 286.4 per 10 000 person-years in the earlier period and
146.9 per 10 000 person-years in the later period, a 35.4%
decline. HRs for DM as a predictor of incident CVD were
not significantly different in the earlier (risk factor–ad-
justed HR, 2.68; 95% CI, 1.88 to 3.82) versus later (HR,
1.96; 95% CI, 1.44 to 2.66) periods.31 Thus, although there
was a 50% reduction in the rate of incident CVD events
among adults with DM, the absolute risk of CVD remained
2-fold greater than among people without DM.31

— Data from these earlier and later time periods in
Framingham also suggest that the increasing preva-
lence of DM is leading to an increasing rate of CVD,
resulting in part from CVD risk factors that commonly
accompany DM. The age- and sex-adjusted HR for DM
as a CVD risk factor was 3.0 in the earlier time period
and 2.5 in the later time period. Because the prevalence
of DM has increased over time, the population-
attributable risk for DM as a CVD risk factor increased
from 5.4% in the earlier time period to 8.7% in the later
time period (attributable risk ratio, 1.62; P�0.04).
Adjustment for CVD risk factors (age, sex, hyperten-
sion, current smoking, high cholesterol, and obesity)
weakened this attributable risk ratio to 1.5 (P�0.12).32

— Other data from Framingham show that over 30 years,
CVD among women with DM was 54.8% among
normal-weight women but 78.8% among obese women.
Among normal-weight men with DM, the lifetime risk
of CVD was 78.6%, whereas it was 86.9% among
obese men.33

● Other studies show that the increased prevalence of DM is
being followed by an increasing prevalence of CVD
morbidity and mortality. New York City death certificate
data for 1989 to 1991 and 1999 to 2001 and hospital
discharge data for 1988 to 2002 show increases in all-cause
and cause-specific mortality between 1990 and 2000, as
well as in annual hospitalization rates for DM and its
complications among patients hospitalized with AMI
and/or DM. During this decade, all-cause and cause-
specific mortality rates declined, although not for patients
with DM; rates increased 61% and 52% for diabetic men
and women, respectively, as did hospitalization rates for
DM and its complications. The percentage of all AMIs
occurring in patients with DM increased from 21% to 36%,
and the absolute number more than doubled, from 2951 to
6048. Although hospital days for AMI fell overall, for
those with DM, they increased 51% (from 34 188 to
51 566). These data suggest that increases in DM rates
threaten the long-established nationwide trend toward re-
duced coronary artery events.34

● In an analysis of provincial health claims data for adults
living in Ontario, Canada, between 1992 and 2000, the rate

of patients admitted for AMI and stroke decreased to a
greater extent in the diabetic than the nondiabetic popula-
tion (AMI, �15.1% versus �9.1%, P�0.0001; stroke,
�24.2% versus �19.4%, P�0.0001). Diabetic patients
experienced reductions in case fatality rates related to AMI
and stroke similar to those without DM (�44.1% versus
�33.2%, P�0.1; �17.1% versus �16.6%, P�0.9, respec-
tively) and similarly comparable decreases in all-cause
mortality. Over the same period, the number of DM cases
increased by 165%, which translates to a marked increase
in the proportion of CVD events occurring among patients
with DM: AMI, 44.6%; stroke, 26.1%; AMI deaths, 17.2%;
and stroke deaths, 13.2%.35

● In the same data set, the transition to a high-risk category
(an event rate equivalent to a 10-year risk of 20% or an
event rate equivalent to that associated with previous MI)
occurred at a younger age for men and women with DM
than for those without DM (mean difference, 14.6 years).
For the outcome of AMI, stroke, or death resulting from
any cause, diabetic men and women entered the high-risk
category at 47.9 and 54.3 years of age, respectively. The
data suggest that DM confers a risk equivalent to aging 15
years. In North America, diverse data show lower rates of
CVD among diabetic people, but as the prevalence of DM
has increased, so has the absolute burden of CVD, espe-
cially among middle-aged and older individuals.36

● HbA1c levels �6.5% can be used to diagnose DM.37 In the
population-based ARIC study, HbA1c levels �6.5% had a
14-year follow-up, multivariable-adjusted HR for diag-
nosed DM of 16.5 (95% CI, 14.2 to 19.1) and for CHD of
1.95 (95% CI, 1.53 to 2.48) relative to those with HbA1c

�5.0%.38

Risk Factors

● Data from the 2004 National Healthcare Disparities Report
(AHRQ, US Department of Health and Human Services)
found that only approximately one third of adults with DM
received all 5 interventions to reduce risk factors recom-
mended for comprehensive DM care in 2001. The propor-
tion receiving all 5 interventions was lower among blacks
than whites and among Hispanics than non-Hispanic
whites.39

— In multivariate models that controlled for age, sex,
income, education, insurance, and residence location,
blacks were 38% less likely and Hispanics were 33%
less likely than their respective comparison groups to
receive all recommended risk factor interventions in
2001.39

● Between NHANES III 1988 to 1994 (NCHS) and
NHANES 1999 to 2002 (NCHS), considerable differences
were found among ethnic groups in glycemic control rates
among adults with type 2 DM. Among non-Hispanic
whites, the control rates were 43.8% in 1988 to 1994 and
48.4% in 1999 to 2002. For non-Hispanic blacks, the rates
were 41.2% and 36.5%, respectively. For Mexican Amer-
icans, the respective rates were 34.5% and 34.2%.40
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● In 1 large academic medical center, outpatients with type 2
DM were observed during an 18-month period for propor-
tions of patients who had HbA1c levels, BP, or total
cholesterol levels measured; who had been prescribed any
drug therapy if HbA1c levels, SBP, or LDL cholesterol
levels exceeded recommended treatment goals; and who
had been prescribed greater-than-starting-dose therapy if
these values were above treatment goals. Patients were less
likely to have cholesterol levels measured (76%) than
HbA1c levels (92%) or BP (99%; P�0.0001 for either
comparison). The proportion of patients who received any
drug therapy was greater for above-goal HbA1c (92%) than
for above-goal SBP (78%) or LDL cholesterol (38%;
P�0.0001 for each comparison). Similarly, patients whose
HbA1c levels were above the treatment goal (80%) were
more likely to receive greater-than-starting-dose therapy
than were those who had above-goal SBP (62%) and LDL
cholesterol levels (13%; P�0.0001).41

— Data from the same academic medical center also
showed that CVD risk factors among women with DM
were managed less aggressively than among men with
DM. Women were less likely than men to have HbA1c

�7% (without CHD: adjusted OR for women versus
men, 0.84, P�0.005; with CHD: 0.63, P�0.0001).
Women without CHD were less likely than men to be
treated with lipid-lowering medication (0.82; P�0.01)
or, when treated, to have LDL cholesterol levels �100
mg/dL (0.75; P�0.004) and were less likely than men
to be prescribed aspirin (0.63; P�0.0001). Women
with DM and CHD were less likely than men to be
prescribed aspirin (0.70, P�0.0001) and, when treated
for hypertension or hyperlipidemia, were less likely to
have BP levels �130/80 mm Hg (0.75; P�0.0001) or
LDL cholesterol levels �100 mg/dL (0.80; P�0.006).42

● In 2001 to 2002, among adults �18 years of age with DM,
50.2% were not at goal for HbA1c (�7%), 64.6% were not
at goal for LDL cholesterol (�100 mg/dL), and 53% were
not at goal for BP (�130/80 mm Hg). Moreover, 48.6%
were not at recommended levels of triglycerides (�150
mg/dL in women). Only 5.3% of men and 12.7% of women
were simultaneously at goal for HbA1c, LDL cholesterol,
and BP.43

● Analysis of data from the CHS study of the NHLBI found
that lifestyle risk factors, including physical activity level,
dietary habits, smoking habits, alcohol use, and adiposity
measures, assessed late in life, were each independently
associated with risk of new-onset DM. Participants whose
PA level and dietary, smoking, and alcohol habits were all
in the low-risk group had an 82% lower incidence of DM
compared with all other participants. When absence of adi-
posity was added to the other 4 low-risk lifestyle factors,
incidence of DM was 89% lower.44

● Aggressive treatment of hypertension is recommended for
adults with DM to prevent cardiovascular complications.
Between NHANES III (1984 to 1992) and NHANES 1999
to 2004, the proportion of patients with DM whose BP was

treated increased from 76.5% to 87.8%, and the proportion
whose BP was controlled nearly doubled (15.9% to 29.6%).45

Hospitalizations

Youth

● National Inpatient Sample data from 1993 to 2004 were
analyzed for individuals 0 to 29 years of age with a
diagnosis of DM. Rates of hospitalizations increased by
38%. Hospitalization rates were higher for females (42%)
than for males (29%). Inflation-adjusted total charges for
DM hospitalizations increased 130%, from $1.05 billion in
1993 to $2.42 billion in 2004.46

Cost
In 2007, the direct ($116 billion) and indirect ($58 billion)
cost attributable to DM was $174 billion.6 These estimates
include not just DM as a primary diagnosis but also DM-
related long-term complications that are attributed to DM.47

A study of data from NHANES 2003 to 2006, Ingenix
Research DataMart, 2003 to 2005 National Ambulatory
Medical Care Survey, the 2003 to 2005 National Hospital
Ambulatory Medical Care Survey, the 2004 to 2005 Nation-
wide Inpatient Sample, and the 2003 to 2005 Medical
Expenditure Panel Survey found that the estimated economic
cost of undiagnosed DM in 2007 was $18 billion, including
medical costs of $11 billion and indirect costs of $7 billion.48
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Chart 16-1. Age-adjusted prevalence of physician-diagnosed diabetes mellitus in adults �20 years of age by race/ethnicity and sex
(National Health and Nutrition Examination Survey: 2005–2008). NH indicates non-Hispanic. Source: National Center for Health Statis-
tics and National Heart, Lung, and Blood Institute.

Table 16-1. Diabetes Mellitus

Population Group

Prevalence of
Physician-Diagnosed

DM, 2008,
Age �20 y

Prevalence of
Undiagnosed
DM, 2008,
Age �20 y

Prevalence of
Prediabetes, 2008,

Age �20 y

Incidence of
Diagnosed DM,

Age �20 y

Mortality (DM),
2007,*

All Ages

Hospital
Discharges,

2007, All Ages
Cost,

2007†

Both sexes 18 300 000 (8.0%) 7 100 000 (3.1%) 81 500 000 (36.8%) 1 600 000† 71 382 626 000 $174 billion

Males 8 300 000 (7.9%) 4 400 000 (4.1%) 48 100 000 (44.9%) 35 478 (49.7%)‡ 322 000

Females 10 000 000 (8.2%) 2 700 000 (2.3%) 33 400 000 (28.8%) 35 904 (50.3%)‡ 304 000

NH white males 6.8% 3.9% 45.4% 28 744

NH white females 6.5% 1.9% 27.9% 27 646

NH black males 14.3% 4.8% 31.6% 5493

NH black females 14.7% 4.0% 27.1% 6966

Mexican American
males

11.0% 6.3% 44.9%

Mexican American
females

12.7% 3.8% 34.3%

Ellipses (. . .) indicate data not available; NH indicates non-Hispanic; DM, diabetes mellitus.
Undiagnosed DM is defined as those whose fasting glucose is �126 mg/dL but who did not report being told by a healthcare provider that they had DM. Prediabetes

is a fasting blood glucose of 100 to �126 mg/dL (impaired fasting glucose). Prediabetes includes impaired glucose tolerance.
*Mortality data are for whites and blacks and include Hispanics.
†Centers for Disease Control and Prevention; National Diabetes Fact Sheet, 2007. Accessed June 24, 2008.
‡These percentages represent the portion of total DM mortality that is for males versus females.
Sources: Prevalence: Prevalence of diagnosed and undiagnosed diabetes: National Health and Nutrition Examination Survey 2005–2008, National Center for Health

Statistics, and National Heart, Lung, and Blood Institute. Percentages for racial/ethnic groups are age-adjusted for Americans �20 years of age. Age-specific
percentages are extrapolations to the 2008 US population estimates. Incidence: National Institute of Diabetes and Digestive and Kidney Diseases estimates. Mortality:
National Center for Health Statistics. These data represent underlying cause of death only. Hospital discharges: National Hospital Discharge Survey, National Center
for Health Statistics; data include those inpatients discharged alive, dead, or status unknown.
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Chart 16-4. Diabetes mellitus awareness, treatment, and control (National Health and Nutrition Examination Survey: 2005–2008).
Source: National Heart, Lung, and Blood Institute.
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17. End-Stage Renal Disease and
Chronic Kidney Disease

ICD-10 N18.0. See Tables 17-1 through 17-3.

End-stage renal disease is a condition that is most com-
monly associated with DM and/or HBP, occurs when the
kidneys are functioning at a very low level, and is currently
defined as the receipt of chronic renal replacement treatment
such as hemodialysis, peritoneal dialysis, or kidney transplan-
tation. The end-stage renal disease (ESRD) population is
increasing in size and cost as those with chronic kidney
disease (CKD) transition to ESRD and as a result of changing
practice patterns in the United States.

● Data from the 2009 annual report of the US Renal Data
System (USRDS) showed that in 2007, the prevalence of
ESRD was 527 282, with 65% of these prevalent cases
being treated with hemodialysis.1

● In 2007, 110 996 new cases of ESRD were reported.1
● In 2007, mortality rates for those who were receiving

dialysis were 6.7 to 8.5 times greater than those of the
general US population.1

● In 2007, 17 513 kidney transplants were performed.2
● Data from a large cohort of insured patients found that in

addition to established risk factors for ESRD, lower hemo-
globin levels, higher serum uric acid levels, self-reported
history of nocturia, and family history of kidney disease are
independent risk factors for ESRD.3

● Data from a large insured population revealed that among
adults with a glomerular filtration rate (GFR) �60

mL � min�1 � 1.73 m�2 and no evidence of proteinuria or
hematuria at baseline, risks for ESRD increased dramati-
cally with higher baseline BP level, and in this same patient
population, BP-associated risks were greater in men than in
women and in blacks than in whites4 (see Table 17-1).

● Compared with white patients with similar levels of kidney
function, black patients are much more likely to progress to
ESRD and are on average 10 years younger when they
reach ESRD.5,6

● Results from a large community-based population showed
that higher BMI also independently increased the risk of
ESRD. The higher risk of ESRD with overweight and
obesity was consistent across age, sex, and race and in the
presence or absence of DM, hypertension, or known baseline
kidney disease7 (see Table 17-2).

Age, Sex, Race, and Ethnicity

● The median age of the population with ESRD in 2007
varied across different racial/ethnic groups: 57.1 years for
blacks, 57.9 years for Native American, 59.1 years for
Asians, and 60.3 years for whites.1

● Treatment of ESRD is more common in men than in women.1

● Blacks, Hispanics, Asian Americans, and Native Ameri-
cans have significantly higher rates of ESRD than do
white/Europeans. Blacks represent nearly 28% of treated
patients with ESRD.1

Chronic Kidney Disease

Prevalence

● CKD, defined as reduced GFR and/or excess urinary protein
excretion, is a serious health condition and a worldwide public
health problem. The incidence and prevalence of CKD are
increasing in the United States and are associated with poor
outcomes and a high cost to the US healthcare system.
Controversy exists about whether CKD itself indepen-
dently causes incident CVD, but it is clear that people with
CKD, as well as those with ESRD, represent a population
at very high risk for CVD events. In fact, individuals with
CKD are more likely to die of CVD than to transition to
ESRD. The USRDS estimates that by 2020, �700 000
Americans will have ESRD, with �500 000 requiring
dialysis and �250 000 receiving a transplant.1

● The National Kidney Foundation (NKF) Kidney Disease
Outcome Quality Initiative (K/DOQI) developed guidelines in
2002 that provided a standardized definition for CKD. Prev-
alence estimates may differ depending on assumptions used in
obtaining estimates, including which equation is used to
estimate GFR and methods for measuring proteinuria.8 The
most recent US prevalence estimates of CKD, with the use of
K/DOQI guidelines, come from NHANES 1999 to 2004
(NCHS) in adults �20 years of age9:

— The prevalence of CKD (stages I to V)10 is 16.8%.9 This
represents an increase from the 14.5% prevalence estimate
from NHANES 1988 to 1994 (NCHS; recalculated).9

— The prevalence of GFR �90 mL � min�1 � 1.73 m�2 with
kidney damage (ie, presence of albuminuria) is 5.7%.

Abbreviations Used in Chapter 17

ACR albumin/creatinine ratio

BMI body mass index

BP blood pressure

CHD coronary heart disease

CHF congestive heart failure

CKD chronic kidney disease

CVD cardiovascular disease

DM diabetes mellitus

eGFR estimated glomerular filtration rate

ESRD end-stage renal disease

GFR glomerular filtration rate

HBP high blood pressure

HF heart failure

kg/m2 kilograms per square meter

K/DOQI Kidney Disease Outcome Quality Initiative

mL � min�1 � 1.73 m�2 first morning urine protein/creatinine ratio

NCHS National Center for Health Statistics

NHANES National Health and Nutrition Examination Survey

NHDS National Hospital Discharge Survey

NKF National Kidney Foundation

PAD peripheral arterial disease

RR relative risk

USRDS US Renal Data System
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— The prevalence of stage II CKD (estimated glomerular
filtration rate (eGFR), 60 to 89 mL � min�1 � 1.73 m�2

with kidney damage) is 5.4%.
— The prevalence of stage III CKD (eGFR, 30 to 59

mL � min�1 � 1.73 m�2) is 5.4%.
— The prevalence of stages IV and V CKD (eGFR �29

mL � min�1 � 1.73 m�2) is 0.4%.

● Nearly 26 million people (13%) in the United States have
CKD, and most are undiagnosed.11 Another 20 million are
at increased risk for CKD.2

Demographics

● Using current definitions, the prevalence of CKD is higher
with older age:1

— 5.7% for those 20 to 39 years of age;
— 5.7% for those 40 to 59 years of age; and
— 37.8% for those �60 years of age.

● CKD prevalence was greater among those with DM
(43.7%) and hypertension (28.0%) than among those with-
out these chronic conditions.1

● The prevalence of CKD was slightly higher among Mexi-
can Americans (18.7%) and non-Hispanic blacks (19.9%)
than among non-Hispanic whites (16.1%). This disparity
was most evident for those with stage I CKD; non-Hispanic
whites had a CKD prevalence of 4.2% compared with
prevalences among Mexican Americans and non-Hispanic
blacks of 10.2% and 9.4%, respectively.9

Risk Factors

● Many traditional CVD risk factors are also risk factors for
CKD, including older age, male sex, hypertension, DM,
smoking, and family history of CVD.

● Other risk factors include systemic conditions such as
autoimmune diseases, systemic infections, and drug expo-
sure, as well as anatomically local conditions such as
urinary tract infections, urinary stones, lower urinary tract
obstruction, and neoplasia. Even after adjustment for these
risk factors, excess CVD risk remains.12

● Many clinical risk factors for CKD are the same as those
for CVD.

● Proteinuria is a strong independent risk factor for a decline
in eGFR, regardless of DM status, and is associated with
many of the same risk factors for CVD as for CKD.13,14

ESRD/CKD and CVD

● CVD is the leading cause of death among those with ESRD,
although the specific cardiovascular cause of death may be
more likely to be arrhythmic compared with an acute myo-
cardial infarction, end-stage heart failure, or stroke.

— CVD mortality is 5 to 30 times higher in dialysis
patients than in subjects from the general population of
the same age, sex, and race.15,16

— Individuals with less severe forms of kidney disease are
also at significantly increased CVD risk independently
of typical CVD risk factors.17

— CKD is a risk factor for recurrent CVD events.18

● Studies from a broad range of cohorts demonstrate an
association between reduced eGFR and elevated risk of
CVD, CVD outcomes, and all-cause death17,19–25 that
appears to be largely independent of other known major
CVD risk factors.

● Any degree of albuminuria, starting below the microalbu-
minuria cut point, has been shown to be an independent
risk factor for cardiovascular events, CHF hospitalization,
PAD, and all-cause death in a wide variety of cohorts.26–31

— A recent meta-analysis of 21 published studies of
albuminuria involving 105 872 participants (730 577
person-years) from 14 studies with urine albumin/
creatinine ratio (ACR) measurements and 1 128 310
participants (4 732 110 person-years) from 7 studies
with urine dipstick measurements showed that excess
albuminuria or proteinuria is independently associated
with a higher risk of CVD and all-cause mortality.32

— People with both albuminuria/proteinuria and reduced
eGFR are at particularly high risk for CVD, CVD
outcomes, and death.33

— The exact reasons why CKD and ESRD increase the
risk of CVD have not been completely delineated but
are clearly multifactorial and likely involve pathologi-
cal alterations in multiple organ systems and pathways.

Cost–ESRD

● The total annual cost of treating ESRD in the United States
was �$24 billion in 2007, representing nearly 6% of the
total Medicare budget.1

● The total annual cost associated with CKD has not been
accurately determined to date.

Cystatin C: Kidney Function and CVD
Serum cystatin C, another marker of kidney function, has
been proposed to be a more sensitive indicator of kidney
function than serum creatinine and creatinine-based estimat-
ing formulas at higher levels of GFR. It is a low-molecular-
weight protein produced at a constant rate by all nucleated
cells and appears not to be affected significantly across age,
sex, and levels of muscle mass. Cystatin C is excreted by the
kidneys, filtered through the glomerulus, and nearly completely
reabsorbed by proximal tubular cells.34 Several equations have
been proposed using cystatin C alone and in combination with
serum creatinine to estimate kidney function.35,36

All-Cause Mortality
Elevated levels of cystatin C have been shown to be associ-
ated with increased risk for all-cause mortality in studies from
a broad range of cohorts.37–39

Cardiovascular Disease

● Data from a large national cohort found higher values of
cystatin C to be associated with prevalent stroke, angina,
and MI,40 as well as higher BMI.41

● Elevated cystatin C was an independent risk factor for
HF,42,43 PAD events,44 clinical atherosclerosis, and subclin-
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ical measures of CVD in older adults,45 as well as for
cardiovascular events among those with CHD.37,46

● In several diverse cohorts, elevated cystatin C has been
found to be associated with CVD-related mortality,39,47,48

including sudden cardiac death.49
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26. Arnlöv J, Evans JC, Meigs JB, Wang TJ, Fox CS, Levy D, Benjamin EJ,
D’Agostino RB, Vasan RS. Low-grade albuminuria and incidence of
cardiovascular disease events in nonhypertensive and nondiabetic indi-
viduals: the Framingham Heart Study. Circulation. 2005;112:969–975.

27. Klausen K, Borch-Johnsen K, Feldt-Rasmussen B, Jensen G, Clausen P,
Scharling H, Appleyard M, Jensen JS. Very low levels of microalbumin-
uria are associated with increased risk of coronary heart disease and death
independently of renal function, hypertension, and diabetes. Circulation.
2004;110:32–35.

28. Gerstein HC, Mann JF, Yi Q, Zinman B, Dinneen SF, Hoogwerf B, Hallé
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Table 17-1. Blood Pressure and the Adjusted Risk of
End-Stage Renal Disease Among 316 675 Adults Without
Evidence of Baseline Kidney Disease

JNC V BP Category Adjusted RR (95% CI)

Optimal 1.00 (Reference)

Normal, not optimal 1.62 (1.27–2.07)

High normal 1.98 (1.55–2.52)

Hypertension

Stage 1 2.59 (2.07–3.25)

Stage 2 3.86 (3.00–4.96)

Stage 3 3.88 (2.82–5.34)

Stage 4 4.25 (2.63–6.86)

JNC V indicates fifth report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure; RR, relative risk;
CI, confidence interval.

Table 17–2. Multivariable Association Between Body Mass
Index and Risk of End-Stage Renal Disease Among
320 252 Adults

BMI, kg/m2
Adjusted RR

(95% CI)

18.5–24.9 (Normal weight) 1.00 (Reference)

25.0–29.9 (Overweight) 1.87 (1.64–2.14)

30.0–34.9 (Class I obesity) 3.57 (3.05–4.18)

35.0–39.9 (Class II obesity) 6.12 (4.97–7.54)

�40.0 (Extreme obesity) 7.07 (5.37–9.31)

BMI indicates body mass index; RR, relative risk; CI, confidence interval.

Table 17–3. Adjusted Hazard Ratio for Death Resulting From
Any Cause, Cardiovascular Events, and Hospitalization Among
1 120 295 Ambulatory Adults According to the Estimated
Glomerular Filtration Rate*

Estimated GFR,
mL � min�1 � 1.73 m�2

Adjusted Hazard Ratio (95% CI)

Death
Resulting From

Any Cause

Any
Cardiovascular

Event
Any

Hospitalization

�60† 1.00 1.00 1.00

45–59 1.2 (1.1–1.2) 1.4 (1.4–1.5) 1.1 (1.1–1.1)

30–44 1.8 (1.7–1.9) 2.0 (1.9–2.1) 1.5 (1.5–1.5)

15–29 3.2 (3.1–3.4) 2.8 (2.6–2.9) 2.1 (2.0–2.2)

�15 5.9 (5.4–6.5) 3.4 (3.1–3.8) 3.1 (3.0–3.3)

GFR indicates glomerular filtration rate; CI, confidence interval.
*The analyses were adjusted for age, sex, income, education, use or nonuse

of dialysis, and presence or absence of prior coronary heart disease, prior
chronic heart failure, prior ischemic stroke or transient ischemic attack, prior
peripheral arterial disease, diabetes mellitus, hypertension, dyslipidemia, a
serum albumin level of �3.5 g/dL, dementia, cirrhosis or chronic liver disease,
chronic lung disease, documented proteinuria, and prior hospitalizations.

†This group served as the reference group.
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18. Metabolic Syndrome
● Metabolic syndrome refers to a cluster of risk factors for

CVD and type 2 DM. Although several different defini-
tions for metabolic syndrome have been proposed, the
International Diabetes Federation, NHLBI, AHA, and oth-
ers recently proposed a harmonized definition for meta-
bolic syndrome.1 By this definition, metabolic syndrome is
diagnosed when �3 of the following 5 risk factors are
present:

— Fasting plasma glucose �100 mg/dL or undergoing
drug treatment for elevated glucose.

— HDL cholesterol �40 mg/dL in men or �50 mg/dL in
women or undergoing drug treatment for reduced HDL
cholesterol.

— Triglycerides �150 mg/dL or undergoing drug treat-
ment for elevated triglycerides.

— Waist circumference �102 cm in men or �88 cm in
women in the United States.

— BP �130 mm Hg systolic or �85 mm Hg diastolic or
undergoing drug treatment for hypertension or antihy-
pertensive drug treatment in a patient with a history of
hypertension.

Adults

● Prevalence of metabolic syndrome varies by the definition
used, with definitions such as the International Diabetes

Federation that suggest lower thresholds for defining cen-
tral obesity resulting in higher prevalence estimates.2

● On the basis of NHANES 2003 to 2006 data and National
Cholesterol Education Program (NCEP)/ATP III guide-
lines, �34% of adults �20 years of age met the criteria for
metabolic syndrome.3

● Also based on NHANES 2003 to 2006 data3:

— The age-adjusted prevalence was 35.1% for men and
32.6% for women.

— Among men, the age-specific prevalence ranged from
20.3% among people 20 to 39 years of age to 40.8% for
people 40 to 59 years of age and 51.5% for people �60
years of age. Among women, the age-specific preva-
lence ranged from 15.6% among people 20 to 39 years
of age to 37.2% for people 40 to 59 years of age and
54.4% for those �60 years of age.

— The age-adjusted prevalences of people with metabolic
syndrome were 37.2%, 25.3%, and 33.2% for non-
Hispanic white, non-Hispanic black, and Mexican
American men, respectively. Among women, the per-
centages were 31.5%, 38.8%, and 40.6%, respectively.

— The age-adjusted prevalence was �53% higher among
non-Hispanic black women than among non-Hispanic
black men and �22% higher among Mexican Ameri-
can women than among Mexican American men.

● The prevalence of metabolic syndrome is also high among
immigrant Asian Indians, ranging between 26.8% and
38.2%, depending on the definition used.4

● The prevalence of metabolic syndrome among pregnant
women increased to 26.5% during 1999 to 2004 from
17.8% during 1988 to 1994.5

● However, the public’s recognition of metabolic syndrome
is limited.6

Children/Adolescents

● An AHA scientific statement about metabolic syndrome in
children and adolescents was released in 2009.7

● Metabolic syndrome should be diagnosed with caution in
children and adolescents because metabolic syndrome cat-
egorization in adolescents is not stable. Approximately half
of the 1098 adolescent participants in the Princeton School
District Study diagnosed with pediatric ATP III metabolic
syndrome lost the diagnosis over 3 years of follow-up.8

● Additional evidence of the instability of the diagnosis of
metabolic syndrome in children exists. In children 6 to 17
years of age participating in research studies in a single
clinical research hospital, the diagnosis of metabolic syn-
drome was unstable in 46% of cases after a mean of 5.6
years of follow-up.9

● On the basis of NHANES 1999 to 2002 data, the preva-
lence of metabolic syndrome in adolescents 12 to 19 years
of age was 9.4%, which represents �2.9 million people. It
was 13.2% in boys, 5.3% in girls, 10.7% in whites, 5.2% in
blacks, and 11.1% in Mexican Americans.10

● In 1999 to 2004, �4.5% of US adolescents 12 to 17 years
of age had metabolic syndrome according to the definition
developed by the International Diabetes Federation.11 In

Abbreviations Used in Chapter 18

AHA American Heart Association

ARIC Atherosclerosis Risk in Communities

aROC area under the receiver-operating characteristic curve

ATP III Adult Treatment Panel III

BMI body mass index

BP blood pressure

CHD coronary heart disease

CI confidence interval

cm centimeter

CVD cardiovascular disease

DM diabetes mellitus

FRS Framingham Risk Score

HDL high-density lipoprotein

HR hazard ratio

HF heart failure

mg/dL milligrams per deciliter

mm Hg millimeters of mercury

NCEP National Cholesterol Education Program

NCHS National Center for Health Statistics

NHANES National Health and Nutrition Examination Survey

NHLBI National Heart, Lung, and Blood Institute

OR odds ratio

PA physical activity

RR relative risk
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2006, this prevalence would have represented �1.1 million
adolescents 12 to 17 years of age with metabolic syndrome.
It increased from 1.2% among those 12 to 13 years of age
to 7.1% among those 14 to 15 years of age and was higher
among boys (6.7%) than girls (2.1%). Furthermore, 4.5%
of white adolescents, 3.0% of black adolescents, and 7.1%
of Mexican American adolescents had metabolic syn-
drome. The prevalence of metabolic syndrome remained
relatively stable during successive 2-year periods: 4.5% for
1999 to 2000, 4.4% to 4.5% for 2001 to 2002, and 3.7% to
3.9% for 2003 to 2004.

● In 1999 to 2002, among overweight or obese adolescents,
44% had metabolic syndrome.10 In 1988 to 1994, two
thirds of all adolescents had at least 1 metabolic
abnormality.12

● Of 31 participants in the NHLBI Lipid Research Clinics
Princeton Prevalence Study and the Princeton Follow-Up
Study who had metabolic syndrome at baseline, 21 (68%)
had metabolic syndrome 25 years later.13 After adjustment
for age, sex, and race, the baseline status of metabolic
syndrome was significantly associated with an increased
risk of having metabolic syndrome during adulthood (OR,
6.2; 95% CI, 2.8 to 13.8).

● In the Bogalusa Heart Study, 4 variables (BMI, homeosta-
sis model assessment of insulin resistance, ratio of triglyc-
erides to HDL cholesterol, and mean arterial pressure)
considered to be part of the metabolic syndrome clustered
together in blacks and whites and in children and adults.14

The degree of clustering was stronger among adults than
children. The clustering of rates of change in the compo-
nents of the metabolic syndrome in blacks exceeded that in
whites.

● Cardiovascular abnormalities are associated with metabolic
syndrome in children and adolescents.15,16

Risk

Adults

● Consistent with 2 earlier meta-analyses, a recent meta-anal-
ysis of prospective studies concluded that metabolic syn-
drome increased the risk of developing CVD (summary
RR, 1.78; 95% CI, 1.58 to 2.00).17 The risk of CVD tended
to be higher in women (summary RR, 2.63) than in men
(summary RR, 1.98; P�0.09). On the basis of results from
3 studies, metabolic syndrome remained a predictor of
cardiovascular events after adjustment for the individual
components of the syndrome (summary RR, 1.54; 95% CI,
1.32 to 1.79).

● Several studies suggest that the FRS is a better predictor of
incident CVD than metabolic syndrome.18–20 In the San
Antonio Heart Study, the area under the receiver-operating
characteristic curve (aROC) was 0.816 for the FRS and
0.811 for the FRS plus the metabolic syndrome.18 Further-
more, the sensitivity for CVD at a fixed specificity was
significantly higher for the FRS than for the metabolic
syndrome. In ARIC, metabolic syndrome did not improve
the risk prediction achieved by the FRS.19 In the British
Regional Heart Study, the aROC for the FRS was 0.73 for
incident CHD during 10 years of follow-up, and the aROC

for the number of metabolic syndrome components was
0.63.20 For CHD events during 20 years of follow-up, the
aROCs were 0.68 for the FRS and 0.59 for the number of
metabolic syndrome components.

● Estimates of relative risk for CVD generally increase as the
number of components of metabolic syndrome in-
creases.20,21 Compared with men without an abnormal
component in the Framingham Offspring Study, the HRs
for CVD were 1.48 (95% CI, 0.69 to 3.16) for men with 1
or 2 components and 3.99 (95% CI, 1.89 to 8.41) for men
with �3 components.21 Among women, the HRs were 3.39
(95% CI, 1.31 to 8.81) for 1 or 2 components and 5.95
(95% CI, 2.20 to 16.11) for �3 components. Compared
with men without a metabolic abnormality in the British
Regional Heart Study, the HRs were 1.74 (95% CI, 1.22 to
2.39) for 1 component, 2.34 (95% CI, 1.65 to 3.32) for 2
components, 2.88 (95% CI, 2.02 to 4.11) for 3 components,
and 3.44 (95% CI, 2.35 to 5.03) for 4 or 5 components.20

● The cardiovascular risk associated with the metabolic
syndrome varies on the basis of the combination of
metabolic syndrome components present. Of all possible
ways to have 3 metabolic syndrome components, the
combination of central obesity, elevated BP, and hypergly-
cemia had the greatest risk for CVD (HR, 2.36; 95% CI,
1.54 to 3.61) and mortality (HR, 3.09; 95% CI, 1.93 to
4.94) in the Framingham Offspring Study.22

● Data from the Aerobics Center Longitudinal Study indicate
that risk for CVD mortality is increased in men without
DM who have metabolic syndrome (HR, 1.8; 95% CI, 1.5
to 2.0). However, among those with metabolic syndrome,
the presence of DM is associated with even greater risk for
CVD mortality (HR, 2.1; 95% CI, 1.7 to 2.6).23

● Analysis of data from NCHS was used to determine the
number of disease-specific deaths attributable to all non-
optimal levels of each risk factor exposure by age and sex.
The results of the analysis of dietary, lifestyle, and meta-
bolic risk factors show that targeting a handful of risk
factors has large potential to reduce mortality in the United
States.24

● In addition to CVD, the metabolic syndrome has also been
associated with incident atrial fibrillation25 and HF.26

● The metabolic syndrome is associated with increased
healthcare use and healthcare–related costs among individ-
uals with and without DM. Overall, healthcare costs
increase by �24% for each additional metabolic syndrome
component present.27

Children

● Few prospective pediatric studies have examined the future
risk for CVD or DM according to baseline metabolic
syndrome status. Data from 771 participants 6 to 19 years
of age from the NHLBI’s Lipid Research Clinics Princeton
Prevalence Study and the Princeton Follow-Up Study
showed that the risk of developing CVD was substantially
higher among those with metabolic syndrome than among
those without this syndrome (OR, 14.6; 95% CI, 4.8 to
45.3) who were followed up for 25 years.13

● Another analysis of 814 participants of this cohort showed
that those 5 to 19 years of age who had metabolic syndrome
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at baseline had an increased risk of having DM 25 to 30
years later compared with those who did not have the
syndrome at baseline (OR, 11.5; 95% CI, 2.1 to 63.7).28

● Additional data from the Princeton Follow-Up Study, the
Fels Longitudinal Study, and the Muscatine Study suggest
that the absence of components of the metabolic syndrome
in childhood had a high negative predictive value for the
development of metabolic syndrome or DM in adulthood.29

Risk Factors

● In prospective or retrospective cohort studies, the following
factors have been reported as being directly associated with
incident metabolic syndrome, defined by one of the major
definitions: age,28,30–32 low educational attainment,30,33 low
socioeconomic status,34 smoking,33–36 low levels of
PA,33–39 low levels of physical fitness,37,40–42 intake of soft
drinks,43 intake of diet soda,44 magnesium intake,45 energy
intake,39 carbohydrate intake,30,35,46 total fat intake,30,46 West-
ern dietary pattern,44 meat intake,44 intake of fried foods,44

heavy alcohol consumption,47 abstention from alcohol use,30

parental history of DM,28 long-term stress at work,48 pediatric
metabolic syndrome,28 obesity or BMI,30,31,35,39,49 child-
hood obesity,50 waist circumference,32,46,51–54 intra-
abdominal fat,55 gain in weight or BMI,30,56 change in
weight or BMI,32,35,57 weight fluctuation,58 BP,32,46,53,59 heart
rate,60 homeostasis model assessment,51,61 fasting insulin,51

2-hour insulin,51 proinsulin,51 fasting glucose or hyperglyce-
mia,32,51,53 2-hour glucose,51 impaired glucose tolerance,51

triglycerides,32,46,49,51–53 low HDL cholesterol,32,46,50,51,53 oxi-
dized LDL,61 uric acid,57,62 �–glutamyltransferase,57,63,64 ala-
nine transaminase,57,63,65,66 plasminogen activator inhibitor-
1,67 aldosterone,67 leptin,68 C-reactive protein,69,70 adipocyte–
fatty acid binding protein,71 and free testosterone index.72

● The following factors have been reported as being in-
versely associated with incident metabolic syndrome, de-
fined by one of the major definitions, in prospective or
retrospective cohort studies: muscular strength,73 change in
PA or physical fitness,35,40 alcohol intake,33,39 Mediterra-
nean diet,74 dairy consumption,44 insulin sensitivity,51 ratio
of aspartate aminotransferase to alanine transaminase,65

total testosterone,72,75,76 sex hormone– binding globu-
lin,72,75,76 and �5-desaturase activity.77

● Furthermore, men were more likely than women to develop
metabolic syndrome,30,32 and blacks were shown to be less
likely to develop metabolic syndrome than whites.30
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19. Nutrition

See Tables 19-1 and 19-2 and Charts 19-1 through 19-3.

This chapter of the update highlights national nutritional
intake data, focusing on foods, nutrients, dietary patterns, and
other dietary factors that are 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 cardiovascular health.

Prevalence

Foods and Nutrients: Adults
See Table 19-1; NHANES 2005 to 2006; personal communi-
cation with D. Mozaffarian (December 2008).

The dietary consumption by US adults of selected foods
and nutrients related to cardiometabolic health is detailed in
Table 19-1 according to sex and ethnic subgroups:

● Average consumption of whole grains by white and black
men and women was between 0.5 and 0.7 servings per day,
with only between 3% and 5% of white and black adults
consuming �3 servings per day. Average whole grain
consumption by Mexican Americans was �2 servings per
day, with 22% to 28% consuming �3 servings per day.

● Average fruit consumption ranged from 1.1 to 1.8 servings
per day in these sex and ethnic subgroups; 8% to 11% of
whites, 6% to 9% of blacks, and 6% to 10% of Mexican
Americans consumed �4 servings per day. When 100%
fruit juices were included, the number of servings con-
sumed and the proportions of adults consuming �4 serv-
ings per day approximately doubled.

● Average vegetable consumption ranged from 1.2 to 2.1
servings per day; 11% to 14% of whites, 5% to 10% of
blacks, and 3% to 5% of Mexican Americans consumed
�5 servings per day. The inclusion of vegetable juices and
sauces generally produced little change in these consump-
tion patterns.

● Average consumption of fish and shellfish was lowest
among white women (1.4 servings per week) and highest
among black and Mexican American men (1.7 servings per
week); between 75% and �80% of adults in each sex and
ethnic subgroup consumed �2 servings per week. Approx-
imately 6% of whites, 7% of blacks, and 6% to 7% of
Mexican Americans consumed �500 mg/d of eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA).

● Average consumption of nuts, legumes, and seeds was �2
servings per week among black women, black men, and
white women; 3 servings per week among white men; and
6 and 8 servings per week among Mexican American
women and men, respectively. Approximately 18% of
whites, 14% to 17% of blacks, and 36% to 46% of Mexican
Americans consumed �4 servings per week.

● Average consumption of processed meats was lowest
among Mexican American women (1.5 servings per week)
and highest among black men (3.7 servings per week).
Between 40% (Mexican American women) and 68%
(black men) of adults consumed �1 serving per week.

● Average consumption of sugar-sweetened beverages
ranged from �6 servings per week among white women to
18 servings per week among Mexican American men.
Approximately 51% and 32% of white men and women,
76% and 66% of black men and women, and 78% and 61%
of Mexican American men and women, respectively, con-
sumed �36 oz (4.5 eight-oz servings) per week.

● Average consumption of sweets and bakery desserts ranged
from �4 servings per day (Mexican American men) to 8
servings per day (white men). Approximately two thirds of
white and black men and women and half of all Mexican
American men and women consumed �25 servings per
week.

● Between 33% and 54% of adults in each sex and ethnic
subgroup consumed �10% of total calories from saturated

Abbreviations Used in Chapter 19

apo apolipoprotein

BMI body mass index

BP blood pressure

bpm beats per minute

BRFSS Behavioral Risk Factor Surveillance System

Cal/d calories per day

CHD coronary heart disease

CI confidence interval

CVD cardiovascular disease

DASH Dietary Approaches to Stop Hypertension

DBP diastolic blood pressure

DHA docosahexaenoic acid

DHHS US Department of Health and Human Services

DM diabetes mellitus

EPA eicosapentaenoic acid

g grams

GISSI Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto miocardico

HD heart disease

HDL high-density lipoprotein

HEI Healthy Eating Index

HOMA homeostasis model assessment

kCal kilocalories

LDL low-density lipoprotein

mg milligrams

mg/dL milligrams per deciliter

mg/L milligrams per liter

mm Hg millimeters of mercury

NHANES National Health and Nutrition Examination Survey

PA physical activity

pmol picomoles per liter

RR relative risk

SBP systolic blood pressure

SD standard deviation

USDA US Department of Agriculture

WHI Women’s Health Initiative
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fat, and between 59% and 69% consumed �300 mg of
dietary cholesterol per day.

● Only 3% to 7% of whites, 2% to 3% of blacks, and 11% to
12% of Mexican Americans consumed �28 g of dietary
fiber per day.

● Only 7% to 13% of whites, 9% to 10% of blacks, and 17%
to 24% of Mexican Americans consumed �2.3 g of sodium
per day. In 2005, the US Department of Health and Human
Services (DHHS) and US Department of Agriculture
(USDA) recommended that adults in specific groups,
including people with hypertension, all middle-aged and
older adults, and all blacks, should consume no more than
1.5 g of sodium per day. Overall in 2005 to 2006, the
majority (69.2%) of US adults belonged to 1 or more of
these specific groups in whom sodium consumption should
be 1.5 g/d.1

Foods and Nutrients: Children and Teenagers
See Table 19-2; NHANES 2005 to 2006; personal communi-
cation with D. Mozaffarian (December 2008).

The dietary consumption by US children and teenagers of
selected foods and nutrients related to cardiometabolic health
is detailed in Table 19-2:

● Average whole grain consumption was low, ranging from
0.4 to 0.5 servings per day, with 4% of children in different
age and sex subgroups consuming �3 servings per day.

● Average fruit consumption was low: 1.5 and 1.3 servings
per day in younger boys and girls (5 to 9 years of age), 1.3
servings per day in adolescent boys and girls (10 to 14
years of age), and 0.8 servings per day in teenage boys and
girls (15 to 19 years of age). The proportion consuming �4
servings per day was low and decreased with age: 6% in
those 5 to 9 years of age, 6% to 8% in those 10 to 14 years
of age, and 3% to 4% in those 15 to 19 years of age. When
100% fruit juices were included, the number of servings
consumed approximately doubled or tripled, and propor-
tions consuming �4 servings per day were 18% to 19% of
those 5 to 9 years of age, 16% of those 10 to 14 years of
age, and 10% to 14% of those 15 to 19 years of age.

● Average vegetable consumption was low, ranging from 0.8
to 0.9 servings per day, with only up to 2% of children in
different age and sex subgroups consuming �5 servings
per day.

● Average consumption of fish and shellfish was low, rang-
ing between 0.6 and 0.8 servings per week in 5- to
9-year-olds, 0.4 to 1.1 servings per week in 10- to 14-year-
olds, and 0.6 to 0.7 servings per week in 15- to 19-year-
olds. Among all ages, 15% of children and teenagers
consumed �2 servings per week.

● Average consumption of nuts, legumes, and seeds ranged
from 1.0 to 1.2 servings per week among 15- to 19-year-
olds to 1.4 to 1.7 servings per week at younger ages.
Between 9% and 13% of children in different age and sex
subgroups consumed �4 servings per week.

● Average consumption of processed meats ranged from 2.1
to 3.4 servings per week; was uniformly higher than the
average consumption of nuts, legumes, and seeds; and was
up to 6 times higher than the average consumption of fish

and shellfish. Between 42% and 60% of children consumed
�2 servings per week.

● Average consumption of sugar-sweetened beverages was
higher in boys than in girls and was �8 servings per week
in 5- to 9-year-olds, 11 to 14 servings per week in 10- to
14-year-olds, and 15 to 23 servings per week in 15- to
19-year-olds. This was generally considerably higher than
the average consumption of whole grains, fruits, vegeta-
bles, fish and shellfish, or nuts, legumes, and seeds. Only
between 13% (boys 15 to 19 years of age) and 40% (boys
and girls 5 to 9 years of age) of children consumed 4.5
servings per week.

● Average consumption of sweets and bakery desserts was
�10 servings per week in 5- to 9-year-olds and 10- to
14-year-olds and 6 to 9 servings per week in 15- to 19-year-
olds. From 82% (5 to 9 years of age) to 59% (15 to 19 years
of age) of youths consumed �2.5 servings per week.

● Average consumption of EPA and DHA was low, ranging
from �40 to 80 mg/d in boys and girls at all ages. Only
between 0.4% and 2.5% of children and teenagers at all
ages consumed �500 mg/d.

● Average consumption of saturated fat was between 11%
and 12% of calories, and average consumption of dietary
cholesterol was �230 mg/d. Approximately one fifth to
one third of children consumed �10% energy from satu-
rated fat, and �80% consumed �300 mg of dietary
cholesterol per day.

● Average consumption of dietary fiber ranged from 11 to 14
g/d. Less than 2% of children in different age and sex
subgroups consumed �28 g/d.

● Average consumption of sodium ranged from 3.0 to 3.4
g/d. Between 6% and 12% of children in different age and
sex subgroups consumed �2.3 g/d.

Energy Balance
Energy balance, or consumption of total calories appropriate
for needs, is determined by the balance of average calories
consumed versus expended, with this balance depending on
multiple factors, including calories consumed, PA, body size,
age, sex, and underlying basal metabolic rate. Thus, one
individual may consume relatively high calories but have
negative energy balance (as a result of even greater calories
expended), whereas another individual may consume rela-
tively few calories but have positive energy balance (because
of low calories expended). Given such variation, the most
practical and reasonable method to assess energy balance in
populations is to assess changes in weight over time (see the
Trends section below).

● Average daily caloric intake in the United States is �2500
calories in adult men and 1800 calories in adult women
(Table 19-1). In children and teenagers, average caloric
intake is higher in boys than in girls and increases with age
in boys (Table 19-2). Trends in energy balance are de-
scribed below.

● Individual nutritional determinants of positive energy bal-
ance (more calories consumed than expended), as deter-
mined by adiposity or weight gain, include larger portion
sizes,2,3 higher intake of sugar-sweetened beverages,4,5 and
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greater consumption of fast food and commercially pre-
pared meals.6–10

● Each of these dietary factors has multiple influences; for
example, preferences for portion size are associated with
BMI, socioeconomic status, eating in fast food restaurants,
and television watching.11,12 Portion sizes are larger at fast
food restaurants than at home or at other restaurants.13

● In 1999 to 2000, 41% of US adults consumed �3 com-
mercially prepared meals per week.7 Between 1999 and
2004, 53% of Americans consumed an average of 1 to 3
restaurant meals per week, and 23% consumed �4 restau-
rant meals per week.14 Spending on food away from home,
including restaurant meals, catered foods, and food eaten
during out-of-town trips, increased from 26% of average
annual food expenditures in 1970% to 42% in 2004.14

● Macronutrient composition of the diet such as percent
calories from total fat or total carbohydrate does not appear
to be strongly associated with energy balance as ascertained
by weight gain or loss.15–17 Preliminary evidence suggests that
aspects of dietary quality rather than composition such as
extent of processing of carbohydrates consumed,17 consump-
tion of trans fat,18–20 and energy density21–23 may be associ-
ated with energy imbalance as assessed by changes in adipos-
ity or weight, but such data are still emerging. Randomized
controlled trials in obese individuals generally show modestly
greater weight loss with low-carbohydrate versus low-fat diets
at 6 months, but at 1 year, such differences diminish, and a
diet that focuses on dietary quality and whole foods may be
most successful.24–26

● A comparison of BRFSS data in 1996 and 2003 suggested
a shift in self-reported dietary strategies to lose weight,
with the proportion focusing on energy restriction increas-
ing from 11.3% to 24.9%, and the proportion focusing on
restricting fat consumption decreasing from 41.6% to
29.1%.27

● Other individual factors associated with positive energy
balance (weight gain) include greater television watching
(particularly as related to greater food consumption)28–33

and lower average sleep duration, particularly among
children.34

● A 2007 to 2008 national survey of 1082 retail stores in 19
US cities found that energy-dense snack foods/beverages
were present in 96% of pharmacies, 94% of gas stations,
22% of furniture stores, 16% of apparel stores, and 29% to
65% of other types of stores.35

● Societal and environmental factors independently associated
with energy imbalance (weight gain), via either increased
caloric consumption or decreased expenditure, include educa-
tion, income, race/ethnicity, and local conditions such as
availability of grocery stores, types of restaurants, safety,
parks and open spaces, and walking or biking paths.36–38 PA
is covered in a separate chapter of this update.

Dietary Patterns
In addition to individual foods and nutrients, overall dietary
patterns can be used to assess more global dietary quality.
Different dietary patterns have been defined, including the
Healthy Eating Index (HEI), Alternative Health Eating Index,

Western versus prudent dietary patterns, Mediterranean di-
etary pattern, and DASH-type diet.

● In 1999 to 2004, only 19.4% of hypertensive US adults
were following a DASH-type diet (based on intake of fiber,
magnesium, calcium, sodium, potassium, protein, total fat,
saturated fat, and cholesterol). This represented a decrease
from 26.7% of hypertensive US adults in 1988 to 1994.39

● Among older US adults (�60 years of age) in 1999 to
2002, 72% met guidelines for dietary cholesterol intake,
but only between 18% and 32% met guidelines for the HEI
food groups (meats, dairy, fruits, vegetables, and grains).
On the basis of the HEI score, only 17% of older US adults
consumed a good-quality diet. Higher HEI scores were
seen in white adults and individuals with greater education;
lower HEI scores were seen in black adults and smokers.40

● Nearly 75 000 women 38 to 63 years of age in the Nurses’
Health Study without a history of CVD or DM were
followed up from 1984 to 2004. It was found that a greater
adherence to the Mediterranean diet, as reflected by a
higher Alternate Mediterranean Diet Score, was associated
with a lower risk of incident CHD and stroke in women.41

Dietary Supplements
Use of dietary supplements is common in the United States
among both adults and children:

● Half (53%) of US adults in 2001 to 2004 used dietary
supplements, with the most common supplement being
multivitamins and multiminerals (67% of supplement us-
ers). Most supplements were taken daily and for at least 2
years. Supplement use was associated with older age,
higher education, greater PA, wine intake, lower BMI, and
white race.14,42

● One third (32%) of US children (birth to 18 years of age)
used dietary supplements in 1999 to 2002, with the highest
use (48.5%) occurring among 4- to 8-year-olds. The most
common supplements were multivitamins and multiminerals
(58% of supplement users). The primary nutrients supple-
mented (either by multivitamins and/or individual vitamins)
included vitamin C (29% of US children), vitamin A (26%),
vitamin D (26%), calcium (21%), and iron (19%). Supple-
ment use was associated with higher family income, a smoke-
free home environment, lower child BMI, and less screen time
(television, video games, or computers).43

● In a 2005 to 2006 telephone survey of US adults, 41.3%
were making or had made in the past a serious weight-loss
attempt. Of these, one third (33.9%) had used a dietary
supplement for weight loss, with such use being more
common in women (44.9%) than in men (19.8%) and in
blacks (48.7%) or Hispanics (41.6%) than in whites
(31.2%); in those with high school education or less
(38.4%) than in those with some college or more (31.1%);
and in those with household income less than $40 000 per
year (41.8%) than in those with higher incomes (30.3%).44

● Multiple trials of most dietary supplements, including
folate, vitamin C, and vitamin E, have generally shown no
significant effect on CVD risk. The major exceptions are
long-chain omega-3 fatty acids, for which 3 large random-
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ized controlled trials that included populations with and
without established HD have shown significant reductions
in risk of CVD events at doses of 1 to 2 g/d (Gruppo
Italiano per lo Studio della Sopravvivenza nell’Infarto
miocardico [GISSI]-Prevenzione, Japan EPA Lipid Inter-
vention Study, and GISSI-HF).45–47 Another multicenter
randomized trial conducted in a population with diabetic
nephropathy found that B vitamin supplementation con-
taining folic acid (2.5 mg/d), vitamin B6 (25 mg), and
vitamin B12 (1 mg/d) resulted in a greater decrease in
glomerular filtration rate and an increase in myocardial
infarction and stroke compared with placebo.48

Trends

Energy Balance
Energy balance, or consumption of total calories appropriate
for needs, has been steadily worsening in the United States
over the past several decades, as evidenced by the dramatic
increases in overweight and obesity among both children and
adults across broad cross sections of sex, race/ethnicity,
geographic residence, and socioeconomic status.49,50

● Although trends in total calories consumed are difficult to
quantify exactly because of differing methods of serial
national dietary surveys over time, multiple lines of evi-
dence indicate that average total energy consumption has
increased by at least 200 kcal/d per person in the past 3
decades.

● Data from NHANES indicate that between 1971 and 2004,
average total energy consumption among US adults in-
creased by 22% in women (from 1542 to 1886 kcal/d) and
by 10% in men (from 2450 to 2693 kcal/d; Chart 19-1).
These increases are supported by data from the Nationwide
Food Consumption Survey (1977–1978) and the Continu-
ing Surveys of Food Intake (1989–1998).13

● The increases in calories consumed during this time period
are attributable primarily to greater average carbohydrate
intake, particularly of starches, refined grains, and sugars
(see the Foods and Nutrients section below). Other specific
changes related to increased caloric intake in the United
States include larger portion sizes, greater food quantity and
calories per meal, and increased consumption of sugar-
sweetened beverages, snacks, commercially prepared
(especially fast food) meals, and higher-energy-density
foods.7,13,51–55

● Between 1977 to 1978 and 1994 to 1996, the average
portion sizes for nearly all foods increased at fast food
outlets, other restaurants, and home. These included a 33%
increase in the average portion of Mexican food (from 408
to 541 calories), a 34% increase in the average portion of
cheeseburgers (from 397 to 533 calories), a 36% increase
in the average portion of French fries (from 188 to 256
calories), and a 70% increase in the average portion of salty
snacks such as crackers, potato chips, pretzels, puffed rice
cakes, and popcorn (from 132 to 225 calories).13

● Among US children 2 to 7 years of age, an estimated
energy imbalance of only 110 to 165 kcal/d (the equivalent
of one 12- to 16-oz bottle of soda/cola) was sufficient to

account for the excess weight gain between 1988 to 1994
and 1999 to 2002.56

Foods and Nutrients
Several changes in foods and nutrients have occurred over
time. Selected changes are highlighted:

Macronutrients

● Starting in 1977 and continuing until the most recent
dietary guidelines revision in 2005, a major focus of US
dietary guidelines was reduction of total dietary fat.55

During this time, average total fat consumption declined as
a percent of calories from 36.9% to 33.4% in men and from
36.1% to 33.8% in women (Chart 19-1).

● Dietary guidelines during this time also emphasized carbo-
hydrate consumption (eg, as the base of the Food Guide
Pyramid),57 which increased from 42.4% to 48.2% of calories
in men and from 45.4% to 50.6% of calories in women (Chart
19-1). Evaluated as absolute intakes, the increase in total
calories consumed during this period was attributable primar-
ily to the greater consumption of carbohydrates, both as foods
(starches and grains) and as beverages.58,59

Sugar-Sweetened Beverages

● Between 1965 and 2002, the average percentage of total
calories consumed from beverages in the United States
increased from 11.8% to 21.0% of energy, which repre-
sents an overall absolute increase of 222 cal/d per person.54

This increase was due largely to increased consumption of
sugar-sweetened beverages and alcohol: Average con-
sumption of fruit juices went from 20 to 39 kcal/d; of milk,
from 125 to 94 kcal/d; of alcohol, from 26 to 99 kcal/d; of
sweetened fruit drinks, from 13 to 38 kcal/d; and of
soda/cola, from 35 to 143 kcal/d (Chart 19-2).

● In addition to increased overall consumption, the average
portion size of a single sugar-sweetened beverage increased
by �50% between 1977 and 1996, from 13.1 to 19.9 fl oz.13

● Among children and teenagers (2 to 19 years of age), the
largest increases in consumption of sugar-sweetened bev-
erages between 1988 to 1994 and 1999 to 2004 were seen
among black and Mexican American youths compared
with white youths.55

Fruits and Vegetables

● Between 1994 and 2005, the average consumption of fruits
and vegetables declined slightly, from a total of 3.4 to 3.2
servings per day. The proportions of men and women
consuming combined fruits and vegetables �5 times per
day were low (�20% and 29%, respectively) and did not
change during this period.60

Morbidity and Mortality

Effects on Cardiovascular Risk Factors
In randomized controlled trials, dietary habits affect multiple
cardiovascular risk factors, including both established risk
factors (SBP, DBP, LDL cholesterol levels, HDL cholesterol
levels, glucose levels, and obesity/weight gain) and novel risk
factors (eg, inflammation, cardiac arrhythmias, endothelial
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cell function, triglyceride levels, lipoprotein(a) levels, and
heart rate):

● A DASH dietary pattern with low sodium reduced SBP by
7.1 mm Hg in adults without hypertension and by
11.5 mm Hg in adults with hypertension.61

● Compared with the low-fat DASH diet, DASH-type diets
that increased consumption of either protein or unsaturated
fat had similar or greater beneficial effects on CVD risk
factors. Compared with a baseline usual diet, each of the
DASH-type diets, which included various percentages
(27% to 37%) of total fat and focused on whole foods such
as fruits, vegetables, whole grains, and fish, as well as
potassium and other minerals and low sodium, reduced
SBP by 8 to 10 mm Hg, DBP by 4 to 5 mm Hg, and LDL
cholesterol by 12 to 14 mg/dL. The diets that had higher
levels of protein and unsaturated fat also lowered triglyc-
eride levels by 16 and 9 mg/dL, respectively.62

● In a meta-analysis of randomized controlled trials, con-
sumption of 1% of calories from trans fat in place of
saturated fat, monounsaturated fat, or polyunsaturated fat
increased the ratio of total to HDL cholesterol by 0.031,
0.054, and 0.67; increased apolipoprotein (apo) B levels by
3, 10, and 11 mg/L; decreased apoA-1 levels by 7, 5, and
3 mg/L; and increased lipoprotein(a) levels by 3.8, 1.4, and
1.1 mg/L, respectively.63

● In meta-analyses of randomized controlled trials, consump-
tion of EPA and DHA for �12 weeks lowered SBP by
2.1 mm Hg64 and resting heart rate by 2.5 bpm.65

● A review of cross-sectional and prospective cohort studies
suggests that higher intake of sugar-sweetened beverages is
associated with greater visceral fat and higher risk of type
2 DM.66 In the PREMIER study, a prospective analysis of
the 810 participants indicated that a reduction in sugar-
sweetened beverages of 1 serving per day was associated
with a reduction in SBP of 1.8 mm Hg (95% CI, 1.2 to 2.4)
and in DBP of 1.1 mm Hg (95% CI, 0.7 to 1.4).67

● In a randomized controlled trial, compared with a low-fat
diet, 2 Mediterranean dietary patterns that included either
virgin olive oil or mixed nuts lowered SBP by 5.9 and
7.1 mm Hg, plasma glucose by 7.0 and 5.4 mg/dL, fasting
insulin by 16.7 and 20.4 pmol/L, the homeostasis model
assessment (HOMA) index by 0.9 and 1.1, and the ratio of
total to HDL cholesterol by 0.38 and 0.26 and raised HDL
cholesterol by 2.9 and 1.6 mg/dL, respectively. The Med-
iterranean dietary patterns also lowered levels of C-reactive
protein, interleukin-6, intercellular adhesion molecule-1,
and vascular cell adhesion molecule-1.68

Effects on Cardiovascular Outcomes
Because dietary habits affect a broad range of established and
novel risk factors, estimation of the impact of nutritional
factors on cardiovascular health by considering only a limited
number of pathways (eg, only effects on lipids, BP, and
obesity) will systematically underestimate or even miscon-
strue the actual total impact on health. Randomized controlled
trials and prospective observational studies can better quan-
tify the total effects of dietary habits on clinical outcomes:

● In the WHI randomized clinical trial, n�48 835), 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% CI, 0.88 to
1.09), stroke (RR, 1.02; 95% CI, 0.90 to 1.15), or total
CVD (RR, 0.98; 95% CI, 0.92 to 1.05) over a mean of 8.1
years.69 This was consistent with null results of 4 prior
randomized clinical trials (see below) and multiple large
prospective cohort studies (see below) that indicated little
effect of total fat consumption on risk of CVD.70–79

● In 3 separate meta-analyses of prospective cohort studies,
the largest including 21 studies with up to 2 decades of
follow-up, saturated fat consumption overall had no signif-
icant association with incidence of CHD, stroke, or total
CVD.80–82 However, in a pooled individual-level analysis
of 11 prospective cohort studies, the specific exchange of
polyunsaturated fat consumption in place of saturated fat
was associated with lower CHD risk, with 13% lower risk
for a 5% energy exchange (RR, 0.87; 95% CI, 0.70 to
0.97).83 These findings are consistent with a meta-analysis
of randomized controlled trials in which increased polyun-
saturated fat consumption in place of saturated fat reduced
CHD risk, with 10% lower risk for a 5% energy exchange
(RR, 0.90; 95% CI, 0.83 to 0.97).84

● In a pooled analysis of individual-level data from 11
prospective cohort studies in the United States, Europe, and
Israel that included 344 696 participants, each 5% energy
of carbohydrate consumption in place of saturated fat was
associated with a 7% higher risk of CHD (RR 1.07, 95% CI
1.01 to 1.14).83 Each 5% energy of monounsaturated fat
consumption in place of saturated fat was not significantly
associated with CHD risk.83

● In a meta-analysis of prospective cohort studies, each 2%
of calories from trans fat was associated with a 23% higher
risk of CHD (RR, 1.23; 95% CI, 1.11 to 1.37).85

● In meta-analyses of prospective cohort studies, each daily
serving of fruits or vegetables was associated with a 4% lower
risk of CHD (RR, 0.96; 95% CI, 0.93 to 0.99) and a 5% lower
risk of stroke (RR, 0.95; 95% CI, 0.92 to 0.97).86,87

● In a meta-analysis of prospective cohort studies, greater
whole grain intake (2.5 compared with 0.2 servings per
day) was associated with a 21% lower risk of CVD events
(RR, 0.79; 95% CI, 0.73 to 0.85), with similar estimates for
specific CVD outcomes (HD, stroke, fatal CVD) and in
sex-specific analyses. In contrast, refined grain intake was
not associated with lower risk of CVD (RR, 1.07; 95% CI,
0.94 to 1.22).88

● In a meta-analysis of 16 prospective cohort studies includ-
ing 326 572 generally healthy individuals in Europe, the
United States, China, and Japan, fish consumption was
associated with significantly lower risk of CHD mortality.89

Compared with no consumption, an estimated 250 mg/d of
long-chain omega-3 fatty acids was associated with 35%
lower risk of CHD death (P�0.001).

● Higher estimated consumption of dietary sodium was not
associated with lower CVD mortality in NHANES,90 al-
though such findings may be limited by changes in behav-
iors that result from underlying risk (reverse causation). In
a posthoc analysis of the Trials of Hypertension Preven-
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tion, participants randomized to low-sodium interventions
had a 25% lower risk of CVD (RR, 0.75; 95% CI, 0.57 to
0.99) after 10 to 15 years of follow-up after the original
trials.91

● Among 88 520 generally healthy women in the Nurses’
Health Study who were 34 to 59 years of age in 1980 and
were followed up from 1980 to 2004, regular consumption
of sugar-sweetened beverages was independently associ-
ated with higher incidence of CHD, with 23% and 35%
higher risk with 1 and �2 servings per day, respectively,
compared with �1 per month.92 Among the 15 745 partic-
ipants in Atherosclerosis Risk in Communities Study, the
odds ratio for developing chronic kidney disease was 2.59
for participants who had a serum uric acid level �9.0
mg/dL and who drank �1 sugar-sweetened soda per day.93

● In a cohort of 380 296 US men and women, greater versus
lower adherence to a Mediterranean dietary pattern, char-
acterized by higher intakes of vegetables, legumes, nuts,
fruits, whole grains, fish, and unsaturated fat and lower
intakes of red and processed meat, was associated with a
22% lower cardiovascular mortality (RR, 0.78; 95% CI,
0.69 to 0.87).94 In a cohort of 72 113 US female nurses, a
dietary pattern characterized by higher intakes of vegeta-
bles, fruits, legumes, fish, poultry, and whole grains was
associated with a 28% lower cardiovascular mortality (RR,
0.72; 95% C,I 0.60 to 0.87), whereas a dietary pattern
characterized by higher intakes of processed meat, red
meat, refined grains, French fries, and sweets/desserts was
associated with a 22% higher cardiovascular mortality (RR,
1.22; 95% CI, 1.01 to 1.48).95 Similar findings have been
seen in other cohorts and for other outcomes, including
development of DM and metabolic syndrome.96–100

● In one report that used consistent and comparable risk
assessment methods and nationally representative data, the
mortality effects in the United States of 12 modifiable
dietary, lifestyle, and metabolic risk factors were assessed.
High dietary salt consumption was estimated to be respon-
sible for 102 000 annual deaths, low dietary omega-3 fatty
acids for 84 000 annual deaths, high dietary trans fatty
acids for 82 000 annual deaths, and low consumption of
fruits and vegetables for 55 000 annual deaths.101

Cost
The USDA forecast that the Consumer Price Index for all
food would increase 4.5% to 5.5% in 2008 as retailers
continued to pass on higher commodity and energy costs to
consumers in the form of higher retail prices. The Consumer
Price Index for food increased 4.0% in 2007, the highest
annual increase since 1990. Prices for foods eaten at home
increased 4.2% in 2007, whereas prices for foods eaten away
from home increased by 3.6%.55

● The proportion of total US food expenditures for meals
outside the home, as a share of total food dollars, increased
from 25% in 1957 to 38% in 1977 to 49% in 200757 (Chart
19-3).

● The proportion of sales of meals and snacks from fast food
restaurants compared with total meals and snacks away

from home increased from 5% in 1958 to 28% in 1977 to
37% in 2007.102

● As a proportion of income, food has become less expensive
over time in the United States. As a share of personal
disposable income, average (mean) total food expenditures
by families and individuals have decreased from 23.5%
(1947) to 18.4% (1957) to 13.4% (1977) to 9.8% (2007).
For any given year, the share of disposable income spent on
food is inversely proportional to absolute income; the share
increases as absolute income levels decline.102

● Among 154 forms of fruits and vegetables priced with
ACNielsen Homescan data, more than half were estimated
to cost 25 cents per serving. Consumers could meet a
recommendation of 3 servings of fruits and 4 servings of
vegetables daily for a total cost of 64 cents per day.102

● An overview of the costs of various strategies for primary
prevention of CVD determined that the estimated costs per
year of life gained were between $9800 and $18 000 for
statin therapy, $1500 or more for nurse screening and
lifestyle advice, $500 to $1250 for smoking cessation, and
$20 to $900 for population-based healthy eating.103

● Each year, more than $33 billion in medical costs and $9
billion in lost productivity resulting from HD, cancer,
stroke, and DM are attributed to poor nutrition.104–109
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Table 19-1. Dietary Consumption in 2005 to 2006 Among US Adults (>20 Years of Age) of Selected Foods and Nutrients Related to
Cardiometabolic Health104–109

NH White Men NH White Women NH Black Men NH Black Women Mexican American Men Mexican American Women

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Foods

Whole grains,
servings/d

0.7�0.6 4.6 0.7�0.6 5.0 0.5�0.3 3.6 0.5�0.6 4.4 2.2�1.6 28.2 1.6�1.5 22.0

Fruits,
servings/d

1.2�1.3 7.5 1.6�1.5 11.0 1.2�1.3 8.6 1.1�1.3 5.8 1.3�1.5 5.9 1.8�1.3 10.2

Fruits including
100% juices,
servings/d

2.0�1.8 16.0 2.1�1.6 17.0 2.3�1.8 21.9 2.1�1.6 14.3 2.0�1.8 13.8 2.8�2.1 23.7

Vegetables,
servings/d

1.8�1.1 10.7 2.1�1.1 14.3 1.3�0.8 5.1 1.7�1.2 9.5 1.2�0.6 3.6 1.4�0.7 4.6

Vegetables
including
juices/sauces,
servings/d

2.0�1.2 13.4 2.2�1.2 16.0 1.4�0.7 5.2 1.8�1.2 10.2 1.4�0.6 4.3 1.6�0.6 5.5

Fish and
shellfish,
servings/wk

1.6�1.4 22.3 1.4�1.1 19.7 1.7�1.2 24.2 1.7�1.1 24.4 1.7�2.0 18.5 1.5�1.1 19.2

Nuts, legumes,
and seeds,
servings/wk

2.5�1.6 18.2 2.3�1.6 18.2 2.2�0.4 16.6 1.5�0.6 14.0 7.6�6.9 45.9 5.9�3.7 36.2

Processed
meats,
servings/wk

3.2�1.8 46.3 1.9�1.1 61.2 3.7�1.9 42.3 2.2�1.3 56.6 1.9�1.1 66.8 1.5�1.1 69.8

Sugar-
sweetened
beverages,
servings/wk

10.5�11.4 48.7 6.0�10.2 68.2 15.6�8.6 23.8 12.5�8.2 35.6 17.7�10.8 21.8 10.6�8.2 38.9

Sweets and
bakery
desserts,
servings/wk

7.6�4.9 33.1 7.3�3.7 34.9 7.1�4.9 41.0 7.2�1.8 40.5 4.3�2.9 50.6 6.6�3.0 47.3

Nutrients

Total calories,
kcal/d

2587�667 NA 1750�454 NA 2425�608 NA 1742�603 NA 2441�692 NA 1853�546 NA

EPA DHA, g/d 0.126�0.134 5.8 0.124�0.134 5.8 0.164�0.168 7.6 0.153�0.125 6.7 0.138�0.134 7.4 0.123�0.134 5.5

ALA, g/d 1.34�0.27 25.4 1.54�0.51 72.1 1.28�0.34 20.1 1.43�0.44 67.2 1.17�0.26 15.6 1.27�0.32 57.9

n-6 PUFA, %
energy

7.0�1.2 NA 7.4�1.6 NA 7.2�1.4 NA 7.5�2.0 NA 6.5�1.1 NA 6.6�1.7 NA

Saturated fat,
% energy

11.5�2.3 32.7 11.5�2.3 33.5 11.0�1.9 36.4 10.6�2.3 40.1 9.9�2.1 54.1 10.3�1.7 49.3

Dietary
cholesterol,
mg/d

270�91 68.8 279�93 67.7 298�108 65.1 308�91 59.2 304�138 62.7 280�97 65.5

Total fat, %
energy

34.1�5.3 55.4 34.1�4.9 55.2 34.1�4.8 46.3 33.2�5.4 52.9 31.2�5.2 66.4 31.2�5.3 66.1

Carbohydrate,
% energy

47.3�7.7 NA 49.0�6.6 NA 48.8�6.2 NA 51.1�6.7 NA 50.9�6.9 NA 53.6�6.8 NA

Dietary fiber,
g/d

14.8�4.6 3.2 17.1�5.7 6.8 12.9�3.8 2.0 14.0�5.0 3.3 18.0�6.7 11.7 19.1�4.6 10.7

Sodium, g/d 3.3�0.8 13.1 3.6�0.5 7.2 3.2�0.4 10.2 3.4�0.6 8.7 3.0�0.8 24.4 3.2�0.6 17.4

NH indicates non-Hispanic; EPA, eicosapentaenoic acid; DHA docosahexaenoic acid; ALA, �-linoleic acid; n-6 PUFA, omega-6 polyunsaturated fatty acid; NA, not available.
Based on data from National Health and Nutrition Examination Survey 2005 to 2006 (two 24-hour dietary recalls per person, with SDs adjusted for within- and

between-person variation). All values are energy adjusted, and for comparability, means and proportions are reported for a 2000-kcal/d diet. To obtain actual mean
consumption levels, multiply group means by group-specific total caloric consumption divided by 2000.

*Guidelines adjusted to a 2000-kcal/d diet. Whole grains (characterized as minimum 1.1 g fiber per 10 g carbohydrate), 3 or more 1-oz equivalent (1 oz bread; 1 cup dry cereal;
1/2 cup cooked rice, pasta, or cereal) servings per day (Dietary Guidelines for Americans); fish or shellfish, 2 or more 100-g (3.5-oz) servings per week106; fruits, 4 or more 1/2-cup
servings per day108; vegetables, 5 or more 1/2-cup servings per day, including up to 3 cups per week of starchy vegetables107; nuts, legumes, and seeds, 4 or more 50-g servings
per week106; processed meats (bacon, hot dogs, sausage, processed deli meats), 2 or fewer 100-g (3.5-oz) servings per week (1/4 of discretionary calories)107; sugar-sweetened
beverages (defined as �50 cal/8 oz, excluding whole juices), 36 oz or less per week (�1/4 of discretionary calories)106,107; sweets and bakery desserts, 2.5 or fewer 50-g servings
per week (�1/4 of discretionary calories)106,107; EPA DHA, �0.5 g/d108; ALA, �1.6/1.1 g/d (men/women)109; saturated fat, �10% energy107; dietary cholesterol, �300 mg/d107; total
fat, 20% to 35% energy107; dietary fiber, �28/d107; and sodium, �2.3 g/d.107
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Table 19-2. Dietary Consumption in 2005 to 2006 Among US Children and Teenagers of Selected Foods and Nutrients Related to
Cardiometabolic Health

Boys (5–9 y) Girls (5–9 y) Boys (10–14 y) Girls (10–14 y) Boys (15–19 y) Girls (15–19 y)

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Average
Consumption
(Mean�SD)

% Meeting
Guidelines*

Foods

Whole grains,
servings/d

0.5�0.4 0.9 0.5�0.2 0.8 0.5�0.5 4.0 0.5�0.4 2.6 0.4�0.4 2.0 0.5�0.4 2.5

Fruits,
servings/d

1.5�0.6 6.2 1.3�0.8 6.2 1.3�0.4 8.4 1.3�0.4 5.9 0.8�0.6 3.2 0.8�0.8 4.2

Fruits
including
100% juices,
servings/d

2.6�1.6 18.7 2.3�1.3 17.7 2.0�1.1 15.6 2.2�1.1 15.8 1.7�1.4 14.2 1.7�1.3 10.3

Vegetables,
servings/d

0.8�0.5 1.4 1.9�0.6 2.1 0.8�0.5 2.2 0.9�0.5 2.2 0.8�0.5 1.2 0.9�0.5 2.3

Vegetables
including
juices/sauces,
servings/d

0.9�0.5 1.8 1.0�0.6 1.7 0.9�0.8 2.2 1.0�0.5 2.3 1.0�0.8 1.5 1.0�0.5 2.4

Fish and
shellfish,
servings/wk

0.6�0.3 11.7 0.8�0.3 13.8 1.1�0.4 15.2 0.4�0.4 9.2 0.6�0.4 10.3 0.7�0.4 12.2

Nuts,
legumes, and
seeds,
servings/wk

1.5�2.8 13.0 1.7�2.8 12.9 1.4�2.3 8.8 1.5�2.3 11.2 1.2�2.1 9.2 1.0�1.8 8.7

Processed
meats,
servings/wk

2.2�1.0 60.0 2.1�1.1 59.0 2.5�1.1 57.0 2.3�1.2 54.8 3.4�1.7 41.8 2.3�1.7 58.6

Sugar-
sweetened
beverages,
servings/wk

7.8�5.5 40.6 8.0�3.7 39.7 14.2�6.2 19.9 10.9�5.6 31.6 22.5�8.7 12.9 15.3�8.7 27.2

Sweets and
bakery
desserts,
servings/wk

10.2�4.1 18.2 9.8�4.1 18.4 9.5�4.1 24.0 8.4�4.0 28.0 6.5�3.3 41.2 8.5�1.5 32.6

Nutrients

Total calories,
kcal/d

2010�278 NA 1777�292 NA 2210�423 NA 1901�483 NA 2809�477 NA 1901�457 NA

EPA DHA, g/d 0.048�0.025 NA 0.063�0.025 NA 0.081�0.030 NA 0.044�0.030 NA 0.064�0.022 NA 0.068�0.021 NA

ALA, g/d 1.14�0.17 11.1 1.13�0.25 42.6 1.13�0.17 11.2 1.23�0.25 49.4 1.12�0.20 12.5 1.33�0.20 56.7

n-6 PUFA, %
energy

6.4�0.8 NA 6.3�1.0 NA 6.5�0.8 NA 6.9�1.0 NA 6.3�1.1 NA 6.9�1.1 NA

Saturated fat,
% energy

11.9�1.5 21.9 12.0�1.1 20.2 11.7�1.7 24.3 11.5�1.5 28.6 11.8�1.2 25.6 11.7�2.0 29.5

Dietary
cholesterol,
mg/d

220�72 85.0 250�72 75.2 230�86 79.2 218�115 85.1 239�48 75.7 222�64 81.4

Total fat, %
energy

33.3�3.5 63.8 33.3�2.5 67.9 33.4�3.3 61.9 33.3�4.1 62.3 33.5�3.0 57.6 33.4�5.6 56.8

Carbohydrate,
% energy

54.0�4.7 NA 53.9�3.5 NA 53.1�4.9 NA 53.8�5.0 NA 51.5�3.6 NA 53.0�4.2 NA

Dietary fiber,
g/d

13.6�2.1 0.1 13.7�2.2 1.3 13.0�3.6 1.8 13.8�3.2 0.8 11.5�2.3 0.7 12.8�1.9 0.7

Sodium, g/d 3.0�0.3 10.4 3.2�0.4 6.8 3.2�0.4 8.4 3.4�0.4 6.1 3.2�0.4 12.4 3.3�0.4 10.0

EPA indicates eicosapentaenoic acid; DHA docosahexaenoic acid; ALA, �-linoleic acid; n-6 PUFA, omega-6 polyunsaturated fatty acid; NA, not available.
Based on data from National Health and Nutrition Examination Survey 2005 to 2006 (two 24-hour dietary recalls per person, with SDs adjusted for within- and

between-person variation). All values are energy adjusted, and for comparability, means and proportions are reported for a 2000-kcal/d diet. To obtain actual mean
consumption levels, multiply group means by group-specific total caloric consumption divided by 2000. Each of these guidelines is age-appropriately adjusted to a 2000-kcal/d
diet, as for adults.

*See Table 19-1 for food group, serving size, and guideline definitions.
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Chart 19-1. Age-adjusted trends in macronutrients and total calories consumed by US adults (20 to 74 years of age), 1971–2004. Data
derived from National Center for Health Statistics. Health, United States 2007, With Chartbook on Trends in the Health of Americans.14

Chart 19-2. Per-capita calories consumed from different beverages by US adults (�19 years of age), 1965–2002. Data derived from
Nationwide Food Consumption Surveys (1965, 1977–1978), National Health and Nutrition Examination Survey (1988–1994, 1999–2002),
and Duffey and Popkin.54
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Chart 19-3. Total US food expenditures away from home and at home, 1977 and 2007. Data derived from US Department of Agricul-
ture Economic Research Service.57
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20. Quality of Care

See Tables 20-1 through 20-11.

The Institute of Medicine (IOM) defines quality of care
as “the degree to which health services for individuals and
populations increase the likelihood of desired health outcomes
and are consistent with current professional knowledge.”1 The
IOM has defined 6 specific domains for improving health care,
including care that is safe, effective, patient-centered, timely,
efficient, and equitable.

In the following sections, data on quality of care will be
presented based on the 6 domains of quality as defined by the
IOM. This is intended to highlight current care and to
stimulate efforts to improve the quality of cardiovascular care
nationally. Where possible, data are reported from recently
published literature or standardized quality indicators from
quality improvement registries (ie, those consistent with the
methods for quality performance measures endorsed by the
ACC and the AHA).2 Additional data on aspects of quality of

care, such as adherence to ACC/AHA clinical practice guide-
lines, are also included to provide a spectrum of quality-of-
care data. The data selected are meant to provide examples of
the current quality of care as reflected by the IOM domain
and are not meant to be comprehensive given the sheer
number of publications yearly.

● The safety domain has been defined as avoiding injuries to
patients from the care that is intended to help them. The
following are several publications that have focused on
safety issues:

— In a small, single-center study conducted over a
2-month period in the cardiac care unit (CCU) of a
tertiary center, Rahim et al1 demonstrated that iatro-
genic adverse events were common (99 of 194 pa-
tients), of which bleeding (27%) was the most common
preventable iatrogenic adverse event.

— Using the National Cardiovascular Data Registry CathPCI
registry, Tsai et al2 found that almost one fourth of dialysis
patients undergoing PCI (n�22 778) received a contrain-
dicated antithrombotic agent, specifically enoxaparin, ep-
tifibatide, or both. Patients who received a contraindicated
antithrombotic agent had an increased risk of in-hospital
bleeding (OR 1.63, 95% CI 1.35 to 1.98) and a trend toward
increased mortality (OR 1.15, 95% CI 0.97 to 1.36).2

— In a random sample of medical and surgical long-term
care adult patients in Massachusetts hospitals, López et al3

assessed the association between disclosure of an adverse
event and patients’ perception of quality of care. Overall,
only 40% of adverse events were disclosed. Higher quality
ratings were associated with disclosure of an adverse
event. Conversely, lower patient perception of quality of
care was associated with events that were preventable and
with events that caused discomfort.3

— The AHA published a scientific statement4 about med-
ication errors in acute cardiovascular and stroke pa-
tients and classified medication errors into the follow-
ing categories:

E Improper dosing or timing, or delivery of an incorrect
or unnecessary medication.

E Administration to the wrong patient (errors of omission).
E Failure to prescribe appropriate medication therapy

or needed monitoring of medication therapy (errors
of omission).

— The following recommendations were made to improve
medication safety in long-term cardiovascular care:

E An accurate patient weight should be obtained on
admission.

E Estimated creatinine clearance should be calculated
with the Cockcroft-Gault formula on admission and
as changes in creatinine occur.

E Medication dosage adjustments and heightened sur-
veillance for adverse medication events are recom-
mend owing to age-related changes in pharmacody-
namics, pharmacokinetics, and renal function.

Abbreviations Used in Chapter 20

ACC American College of Cardiology

ACEI angiotensin-converting enzyme inhibitor

ACS acute coronary syndrome

AHA American Heart Association

AMI acute myocardial infarction

ARB angiotensin receptor blocker

BP blood pressure

CAD coronary artery disease

CCU cardiac care unit

CI confidence interval

COURAGE Clinical Outcomes Utilizing Revascularization and
AGgressive drug Evaluation trial

CPR cardiopulmonary resuscitation

CRUSADE Can Rapid Risk Stratification of Unstable Angina
Patients Suppress Adverse Outcomes With Early
Implementation of the ACC/AHA Guidelines

D2B door-to-balloon

ED emergency department

GWTG Get With The Guidelines

HF heart failure

ICD implantable cardioverter-defibrillator

ICU intensive care unit

IOM Institute of Medicine

NHANES National Health and Nutrition Examination Survey

NQF National Quality Forum

NRCPR National Registry of Cardiopulmonary Resuscitation

NSTEMI non–ST-elevation myocardial infarction

OR odds ratio

PCI percutaneous coronary intervention

RR relative risk

SCD-HeFT Sudden Cardiac Death in Heart Failure Trial

STEMI ST-elevation myocardial infarction

VHA Veterans Health Administration
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E Order forms and protocols for anticoagulation should
be standardized.

E Pharmacists and nurses should be integrated within
the cardiovascular care teams in the ED, intensive
care unit (ICU), CCU, and inpatient wards to enhance
communication and medication safety.

E Computerized order entry, medication bar-coding
technology, and smart infusion pumps should be
implemented throughout all inpatient wards, includ-
ing the ED.

E Staff should be educated about high-alert medication,
safe medication administration techniques, medication
reconciliation procedures, and automated dispensing-
device technologies.

E An organizational culture of safety should be cultivated
that promotes no-fault internal and external medication
error reporting and an interdisciplinary quality improve-
ment review process to reduce the frequency and impact
of medication errors.4

● Effective care has been defined as providing services based
on scientific knowledge to all who could benefit and
refraining from providing services to those not likely to
benefit. There are many quality improvement registries that
have been developed for inpatient cardiovascular/stroke
care, and the data on these are provided in subsequent
tables. Similar efforts are under way for quality-of-care
registries in the outpatient setting.

— In the CRUSADE registry, �7% of patients with
STEMI without a reperfusion contraindication did not
have reperfusion therapy administered, and this was
associated with greater in-hospital mortality. One in 10
patients (10.3%) had a documented contraindication to
reperfusion. Primary reasons for contraindications were
identified as absence of an ischemic indication
(53.8%), bleeding risk (16.7%), patient-related reasons
(25.3%), and other (4.2%).5

— According to data from NHANES 1988–1994 and
1999–2008, rates of hypertension have increased from
23.9% in 1988–1994 to 29.0% between 2007 and 2008,
and hypertension control has increased from 27.3% in
1988–1994 to 50.1% in 2007–2008. In addition, among
patients with hypertension, BP has decreased from
143.0/80.4 to 135.2/74.1 mm Hg.6

— The National Quality Forum (NQF) is a nonprofit
organization that aims to improve the quality of health-
care for all Americans through fulfillment of its 3-part
mission: (1) Setting national priorities and goals for
performance improvement; (2) endorsing national con-
sensus standards for measuring and publicly reporting
on performance; and (3) promoting the attainment of
national goals through education and outreach pro-
grams. Recognizing that adherence can impact the
effectiveness of therapies, NQF has adopted several
performance measures related to medication adherence/
persistence, including angiotensin-converting enzyme
inhibitor (ACEI)/ angiotensin receptor blocker (ARB)
use and persistence among patients with CAD who are

at high risk for coronary events, persistence of
�-blocker treatment after a heart attack for patients with
AMI, and adherence to lipid-lowering medication.7

— Inpatient ACS, HF, and stroke quality-of-care measures
data, including trends in care data, where available from
national registries, are given in Tables 20-1 to 20-6.

— Selected outpatient quality-of-care measures from the
National Committee for Quality Assurance for 2009
appear in Table 20-7.

● Patient-centered care has been defined as the provision of
care that is respectful of and responsive to individual
patient preferences, needs, and values and that ensures that
patient values guide all clinical decisions. Dimensions of
patient-centered care include the following: (1) Respect for
patients’ values, preferences, and expressed needs; (2) coor-
dination and integration of care; (3) information, communica-
tion, and education; (4) physical comfort; (5) emotional
support; and (6) involvement of family and friends. Studies
focusing on some of these aspects of patient-centered care are
highlighted below:

— The Clinical Outcomes Utilizing Revascularization and
AGgressive drug Evaluation (COURAGE) trial,8 which
investigated a strategy of PCI plus optimal medical
therapy versus optimal medical therapy alone, demon-
strated that both groups had significant improvement in
health status during follow-up. By 3 months, health status
scores had increased in the PCI group compared with the
medical therapy group to 76�24 versus 72�23 for physical
limitation (P�0.004), 77�28 versus 73�27 for angina
stability (P�0.002), 85�22 versus 80�23 for angina fre-
quency (P�0.001), 92�12 versus 90�14 for treatment
satisfaction (P�0.001), and 73�22 versus 68�23 for
quality of life (P�0.001). The PCI plus optimal medical
therapy group had a small but significant incremental
benefit compared with the optimal medical therapy group
early on, but this benefit disappeared by 36 months.

— In the Sudden Cardiac Death in Heart Failure Trial
(SCD-HeFT) 9 of single-lead ICD versus amiodarone
for moderately symptomatic HF, patients with ICDs
had improvement in quality of life compared with
medical therapy patients at 3 and 12 months but not at
30 months. ICD shocks in the month preceding a
scheduled assessment were associated with a decrease
in quality of life in multiple domains. The authors
concluded that the presence of a single-lead ICD was
not associated with any detectably adverse quality of
life during 30 months of follow-up.

— Peikes et al10 reported on 15 care-coordination pro-
grams as a part of a Medicare demonstration project for
patients with coronary HF, CAD, and DM. Thirteen of
the 15 programs did not show a difference in hospital-
ization rates, and none of the programs demonstrated a
net savings. The interventions tested varied signifi-
cantly, but the majority of the interventions included
patient education to improve adherence to medication,
diet, exercise, and self-care regimens and improving
care coordination through various approaches. These
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programs overall had favorable effects on none of the
adherence measures and only a few of the many
quality-of-care indicators examined. The authors con-
cluded that programs with substantial in-person contact
that target moderately to severely ill patients can be
cost-neutral and improve some aspects of care.

— Hernandez et al11 showed that patients with outpatient
follow-up within 7 days of discharge for an HF hospi-
talization were less likely to be readmitted within 30
days in the Get With The Guidelines (GWTG)-HF
registry of patients who were �65 years of age. The
median length of stay was 4 days (interquartile range, 2
to 6 days), and 21.3% of patients were readmitted
within 30 days. At the hospital level, the median
percentage of patients who had early follow-up after
discharge from the index hospitalization was 38.3%
(interquartile range, 32.4% to 44.5%).

— Smolderen et al12 assessed whether health insurance status
affects decisions to seek care for AMI. Uninsured and
insured patients with financial concerns were more likely
to delay seeking care during AMI and had prehospital
delays of more than 6 hours (48.6% of uninsured patients
and 44.6% of insured patients with financial concerns
compared with only 39.3% of insured patients without
financial concerns). Lack of health insurance and financial
concerns about accessing care among those with health
insurance were each associated with delays in seeking
emergency care for AMI.

— Using a cohort (n�192) nested within a randomized trial
at a university-affiliated ambulatory practice, Murray et
al13 demonstrated that refill adherence of �40% was
associated with a 3-fold higher incidence of hospitaliza-
tion for HF than a refill adherence of �80% (P�0.002).
In multivariable analysis, prescription label–reading skills
were associated with a lower incidence of HF-specific
emergency care (incidence rate ratio 0.76, 95% CI, 0.19 to
0.69), and participants with adequate health literacy had a
lower risk of hospitalization for HF (incidence rate ratio
0.34, 95% CI, 0.15 to 0.76).

● The timely care domain relates to reducing waits and
sometimes harmful delays for both those who receive and
those who give care. Timeliness is an important character-
istic of any service and is a legitimate and valued focus of
improvement in healthcare and other industries.

— Chan et al14 demonstrated significant variation in
timely defibrillation (�2 minutes) for in-hospital car-
diac arrest among 200 hospitals participating in the
National Registry of Cardiopulmonary Resuscitation
(NRCPR). Adjusted rates of delayed defibrillation var-
ied from 2.4% to 50.9% of in-hospital cardiac arrests.
The variations in defibrillation rates were largely un-
explained by traditional hospital factors.

— Bradley et al15 demonstrated that participation in the
Door-to-Balloon (D2B) Alliance led to a reduction in
D2B time to within 90 minutes for patients with
STEMI. By March 2008, �75% of patients had D2B

times of �90 minutes compared with only approxi-
mately one fourth of patients in April 2005.

— From data submitted to GWTG-Resuscitation in 2009:

E Among children who experienced in-hospital cardiac
arrests with an initial shockable rhythm, 74% re-
ceived a defibrillation attempt within 3 minutes.

E Among adults in similar situations, 80% received a
defibrillation attempt within 3 minutes.

— Thirty-one percent of adults treated for out-of-hospital
cardiac arrest received bystander CPR.16

— Data on time to reperfusion for STEMI or ischemic stroke
are provided from national registries in Table 20-8.

● Efficiency has been defined as avoiding waste, in particular
waste of equipment, supplies, ideas, and energy. In an
efficient healthcare system, resources are used to get the
best value for the money spent.

— The AHA and ACC have jointly developed a scientific
statement that outlines standards for measures to be used
for public reporting of efficiency in health care. The group
identified 4 standards important to the development of any
efficiency performance measure, including (1) integration
of quality and cost, (2) valid cost measurement and
analysis, (3) no or minimal incentive to provide poor-
quality care, and (4) no or proper attribution of the
measure. In the statement, 4 examples were provided of
hospital-based efficiency measures, as well as information
on how each of the measures fared within the 4 domains
recommended. The examples were length of stay, 30-day
readmission, hospitalization costs, and nonrecommended
imaging tests.

— At an urban, tertiary-care, academic medical center ED,
elements of departmental work flow were redesigned to
streamline patient throughput before implementation of
a fully integrated ED information system with patient
tracking, computerized charting and order entry, and
direct access to patient historical data from the hospital
data repository. Increasing the clinical information
available at the bedside and improving departmental
work flow through ED information system implemen-
tation and process redesign led to decreased patient
throughput times and improved ED efficiency (eg, the
length of stay for all patients [from arrival to time
patient left ED] decreased by 1.94 hours, from 6.69
[n�508] before the intervention to 4.75 [n�691] after
the intervention; P�0.001).17

— Himmelstein et al18 analyzed whether more-computerized
hospitals had lower costs of care or administration or
better quality to address a common belief that computer-
ization improves healthcare quality, reduces costs, and
increases administrative efficiency. They found that hos-
pitals that increased computerization faster had more rapid
administrative cost increases (P�0.0001); however,
higher overall computerization scores correlated weakly
with better quality scores for AMI (r�0.07, P�0.003) but
not for HF, pneumonia, or the 3 conditions combined. In
multivariate analyses, more-computerized hospitals had
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slightly better quality. The authors concluded that hospital
computing might modestly improve process measures of
quality but does not reduce administrative or overall costs.

● Equitable care means the provision of care that does not vary
in quality because of personal characteristics such as sex,
ethnicity, geographic location, and socioeconomic status. The
aim of equity is to secure the benefits of quality health care for
all the people of the United States. With regard to equity in
caregiving, all individuals rightly expect to be treated fairly by
local institutions, including healthcare organizations.

— Chan et al19 demonstrated that rates of survival to dis-
charge were lower for black patients (25.2%) than for
white patients (37.4%). Lower rates of survival to dis-
charge for blacks reflected lower rates of both successful
resuscitation (55.8% versus 67.4%) and postresuscitation
survival (45.2% versus 55.5%). Adjustment for the hos-
pital site at which patients received care explained a
substantial portion of the racial differences in successful
resuscitation (adjusted RR 0.92; 95% CI, 0.88 to 0.96;
P�0.001) and eliminated the racial differences in postre-
suscitation survival (adjusted RR 0.99; 95% CI, 0.92 to
1.06; P�0.68). The authors concluded that much of the
racial difference was associated with the hospital center in
which black patients received care.

— Cohen et al20 demonstrated that among hospitals engaged
in a national quality monitoring and improvement pro-
gram, evidence-based care for AMI appeared to improve
over time for patients irrespective of race/ethnicity, and
differences in care by race/ethnicity care were reduced or
eliminated. They analyzed 142 593 patients with AMI
(121 528 whites, 10 882 blacks, and 10 183 Hispanics) at
443 hospitals participating in the GWTG-CAD program.
Overall, defect-free care was 80.9% for whites, 79.5% for
Hispanics (adjusted OR versus whites 1.00; 95% CI, 0.94
to 1.06; P�0.94), and 77.7% for blacks (adjusted OR
versus whites 0.93; 95% CI, 0.87 to 0.98; P�0.01). A
significant gap in defect-free care was observed for blacks
during the first half of the study but was no longer present
during the remainder of the study. Overall, progressive
improvements in defect-free care were observed regard-
less of race/ethnic groups.

— According to NHANES 1999 to 2006, 45% of adults
had at least 1 of 3 chronic conditions (hypertension,
hypercholesterolemia, or DM), 13% had 2 of these
conditions, and 3% of adults had all 3 conditions.
Non-Hispanic black people were more likely than
non-Hispanic white and Mexican-American people to
have at least 1 of the 3 conditions. In 15% of US adults,
1 or more of the 3 conditions is undiagnosed.21

— GWTG data by race, sex, and ethnicity are provided in
Tables 20-9 through 20-11.
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Table 20-1. Acute Coronary Syndrome Quality-of-Care Measures, 2009

Quality-of-Care Measure VHA*
National Medicare

and Medicaid†
AHA GWTG-

CAD‡
ACTION/GWTG-

STEMI§
ACTION/GWTG-

NSTEMI§

Aspirin within 24 h of admission 99 98 91� 99 97

Aspirin at discharge 99 98 96� 99 97

�-blockers within 24 h of admission among AMI and
angina patients

97 95 NM NM NM

�-blockers at discharge 99 98 95� 97 95

Lipid-lowering medication at discharge 92 NM 87 98 97

Lipid therapy at discharge if LDL �100 mg/dL 97¶ NM 93� NM NM

ARB/ACEI at discharge for patients with LVEF �40% 96 95 92� 88 84

ACEI at discharge for AMI patients 75 NM 66� NM NM

Adult smoking cessation advice/counseling 99 99 98� 98 97

Cardiac rehabilitation referral for AMI patients NM NM 49 84 74

VHA indicates Veterans Health Administration; AHA GWTG-CAD, American Heart Association’s Get With The Guidelines–Coronary Artery Disease; ACTION/GWTG-
STEMI, Acute Coronary Treatment and Intervention Outcomes Network/Get With The Guidelines–ST-Elevation Myocardial Infarction; ACTION/GWTG-NSTEMI, Acute
Coronary Treatment and Intervention Outcomes Network/Get With The Guidelines–Non–ST-Elevation Myocardial Infarction; AMI, acute myocardial infarction; NM, not
measured; LDL, low-density lipoprotein; ARB, angiotensin receptor blocker; ACEI, angiotensin-converting enzyme inhibitor; LVEF, left ventricular ejection fraction.

Values are percentages.
*VHA: AMI patients.
†National Medicare and Medicaid: AMI patients.
‡AHA GWTG-CAD: Patients admitted with a cardiovascular event. In the GWTG-CAD registry, the in-hospital mortality rate was 4.5% (excludes transfer-out patients;

if discharge status was missing, it was assumed to be “no.”). The mean length of hospital stay was 5.0 days (median 3.0 days).
§ACTION Registry: STEMI and NSTEMI patients were reported separately. Patients must have been admitted with acute ischemic symptoms within the previous

24 hours, typically reflected by a primary diagnosis of STEMI or NSTEMI. Patients who were admitted for any other clinical condition were not eligible.
�Indicates the 7 key achievement measures targeted in GWTG-CAD. The composite quality-of-care measure for 2009 was 94.4%. The composite quality-of-care

measure indicates performance on the provision of several elements of care. It is computed by summing the numerators for each key performance measure across
the population of interest to create a composite numerator (all the care that was given), summing the denominators for each measure to form a composite denominator
(all the care that should have been given), and reporting the ratio (the percentage of all the needed care that was given).

¶Lipid-lowering therapy among patients with LDL �130 mg/dL.
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Table 20-2. Heart Failure Quality-of-Care Measures, 2009

Quality-of-Care Measure

National
Medicare and

Medicaid
AHA-

GWTG-HF VHA

LVEF assessment 97 98* 100

ARB/ACEI at discharge for patients
with left ventricular systolic dysfunction

93 93* 96

Complete discharge instructions 85 91* 96

Adult smoking cessation
advice/counseling

98 98* 98

�-blockers at discharge for patients
with LVSD, no contraindications

NM 93* 90

Anticoagulation for AF or atrial
flutter, no contraindications

NM 69 94

AHA GWTG-HF indicates American Heart Association Get With The Guide-
lines–Heart Failure; VHA, Veterans Health Administration; LVEF, left ventricular
ejection fraction; ARB, angiotensin receptor blocker; ACEI, angiotensin-
converting enzyme inhibitor; LVSD, left ventricular systolic dysfunction; NM, not
measured; AF, atrial fibrillation.

Values are percentages.
In the GWTG registry, mechanical ventilation was required in 3.0% of

patients. In-hospital mortality rate was 3.0%, and mean length of hospital stay
was 5.5 days (median 4.0 days).

*Indicates the 5 key performance measures targeted in GWTG-HF. The
composite quality-of-care measure for 2009 was 94.5%. The composite
quality-of-care measure indicates performance on the provision of several
elements of care. It is computed by summing the numerators for each key
performance measure across the population of interest to create a composite
numerator (all the care that was given), summing the denominators for each
measure to form a composite denominator (all the care that should have been
given), and reporting the ratio (the percentage of all the needed care that was
given).

Table 20-3. Time Trends in GWTG-CAD Acute Coronary
Syndrome Quality-of-Care Measures, 2006–2009

Quality-of-Care Measure 2006 2007 2008 2009

Aspirin within 24 h of
admission*

94.7 92.8 91.2 90.9

Aspirin at discharge* 94.4 95.8 94.9 95.5

�-blockers at discharge* 92.8 94.6 94.5 94.9

Lipid-lowering medication
at discharge

84.5 85.6 81.6 86.8

Lipid therapy at discharge
if LDL �100 mg/dL*

89.1 90.7 91.9 92.5

ARB/ACEI at discharge for patients
with left ventricular ejection
fraction �40%*

87.3 91.1 91.9 91.9

ACEI at discharge for AMI patients 72.6 71.0 66.6 65.9

Adult smoking cessation
advice/counseling*

94.3 97.4 98.4 98.4

Cardiac rehabilitation referral
for AMI patients

71.1 63.6 52.0 49.1

GWTG indicates Get With The Guidelines; LDL, low-density lipoprotein
cholesterol; ARB, angiotensin receptor blocker; ACEI, angiotensin-converting
enzyme inhibitor; AMI, acute myocardial infarction.

Values are percentages.
GWTG-CAD: Patients admitted with cardiovascular event. In the GWTG-CAD

registry. The in-hospital mortality was 4.5% (excludes transfer-out patients; if
discharge status was missing, it was assumed to be “no”), and mean length
of hospital stay was 5.0 days (median 3.0 days).
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Table 20-4. Time Trends in GWTG-HF Quality-of-Care Measures,
2006–2009

Quality of Care Measure 2006 2007 2008 2009

Left ventricular ejection fraction
assessment*

93.8 96.2 96.8 98.2

ARB/ACEI at discharge
for patients with left ventricular
systolic dysfunction*

85.5 89.1 91.6 93.0

Complete discharge instructions* 78.8 84.8 88.5 90.9

Adult smoking cessation
advice/counseling*

90.8 94.7 97.1 97.6

�-blockers at discharge for patients
with LVSD, no contraindications*

89.9 90.2 92.5 92.7

Anticoagulation for atrial fibrillation or
atrial flutter, no contraindications

62.9 61.6 60.7 68.9

GWTG-HF indicates Get With The Guidelines–Heart Failure; ARB, angiotensin
receptor blocker; ACEI, angiotensin-converting enzyme inhibitor; LVSD, left
ventricular systolic dysfunction.

Values are percentages.
In the GWTG registry, mechanical ventilation was required in 3.0% of

patients. In-hospital mortality was 3.0%, and mean length of hospital stay was
5.5 days (median 4.0 days).

*Indicates the 5 key achievement measures targeted in GWTG-HF. The
composite quality of care measure for 2009 was 94.5%. The composite
quality-of-care measure indicates performance on the provision of several
elements of care. It is computed by summing the numerators for each key
achievement measure across the population of interest to create a composite
numerator (all the care that was given), summing the denominators for each
measure to form a composite denominator (all the care that should have been
given), and reporting the ratio (the percentage of all the needed care that was
given).

Table 20-5. Time Trends in GWTG-Stroke Quality-of-Care
Measures, 2006–2009

Quality of Care Measure 2006 2007 2008 2009

Thrombolytic complications: IV tPA
and life-threatening, serious systemic
hemorrhage

20.8 17.3 16.1 15.1

Antithrombotics �48 h after
admission*

94.8 95.8 96.0 96.2

DVT prophylaxis by second hospital
day*

85.3 88.9 92.2 92.7

Antithrombotics at discharge* 94.1 95.1 97.0 97.8

Anticoagulation for atrial fibrillation
at discharge*

88.2 89.5 93.1 93.5

Therapy at discharge if LDL �100
mg/dL or LDL not measured or on
therapy at admission*

70.3 76.3 82.1 86.2

Counseling for smoking cessation* 86.1 92.2 94.3 96.2

Lifestyle changes recommended for
BMI �25 kg/m2

42.5 45.7 51.7 57.3

Composite quality-of-care measure† 85.9 88.9 91.7 93.3

GWTG indicates Get With The Guidelines; IV, intravenous; tPA, tissue-type
plasminogen activator; DVT, deep venous thrombosis; LDL, low-density lipo-
protein; BMI, body mass index.

Values are percentages. In-hospital mortality for the 2009 patient population
was 6.9%, and mean length of hospital stay was 5.3 days (median 3.0 days).

*Indicates key performance measures targeted in GWTG-Stroke.
†The composite quality-of-care measure indicates performance on the

provision of several elements of care. It is computed by summing the
numerators for each key achievement measure across the population of
interest to create a composite numerator (all the care that was given), summing
the denominators for each measure to form a composite denominator (all the
care that should have been given), and reporting the ratio (the percentage of
all the needed care that was given).
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Table 20-6. Additional ACTION-GWTG Quality-of-Care Metrics
for ACS Care, 2009

Quality Metrics Overall STEMI NSTEMI

ECG within 10 min of arrival 59.1 70.4 53.7

Aspirin within 24 h of arrival 94.4 96.3 93.2

Anticoagulant within 24 h of
arrival for NSTEMI

87.9 NA 87.9

Excessive initial UFH dose 60.2 61.7 58.7

Excessive initial enoxaparin dose 12.0 11.5 12.1

Excessive GP IIb/IIIa dose 8.5 8.6 8.4

ADP receptor within 24 h of
arrival for STEMI

92.9 92.9 NA

ADP receptor on discharge for
revascularized AMI population

91.5 95.2 87.8

ADP receptor on discharge for
medically treated AMI population

59.8 65.0 59.1

Aldosterone-blocking agents on
discharge

6.0 6.3 5.8

Documentation of LDL-C level in
hospital record

82.9 84.4 81.5

ACTION indicates Acute Coronary Treatment and Intervention Outcomes
Network; GWTG, Get With The Guidelines; ACS, acute coronary syndrome;
STEMI, ST-elevation myocardial infarction; NSTEMI, non–ST-elevation myocar-
dial infarction; ECG, electrocardiogram; NA, not applicable; UFH, unfractionated
heparin; GP, glycoprotein; ADP, adenosine triphosphate; AMI, acute myocardial
infarction; LDL-C, low-density lipoprotein cholesterol.

Table 20-7. National Committee for Quality Assurance Health
Plan Employer Data and Information Set Measures of Care

Commercial,
%

Medicare,
%

Medicaid,
%

Acute MI

�-blocker persistence* 75.0 79.7 73.6

Cholesterol management for
patients with CAD

Cholesterol screening 88.9 88.6 79.6

LDL control (�100 mg/dL) 59.7 56.7 40.1

Hypertension

BP �140/90 mm Hg 63.4 58.5 55.8

DM

HbA1c testing 89.0 88.3 80.5

HbA1c �9.0% 28.4 29.4 44.8

Eye examination performed 56.5 60.8 52.8

LDL cholesterol screening 84.8 86.3 74.1

LDL cholesterol �100 mg/dL 45.5 48.7 33.8

Monitoring nephropathy 82.4 87.9 76.6

BP �130/80 mm Hg 33.4 31.8 30.7

BP �140/90 mm Hg 65.6 59.5 56.9

Advising smokers to quit 76.7 N/A 69.3

MI indicates myocardial infarction; CAD, coronary artery disease; LDL,
low-density lipoprotein; BP, blood pressure; DM, diabetes mellitus; HbA1c,
glycosylated hemoglobin.

*�-blocker persistence: Received persistent �-blocker treatment for 6
months after hospital discharge for acute MI.

Table 20-8. Timely Reperfusion for ACS and Stroke

Quality-of-Care
Measure VHA*

National
Medicare and

Medicaid*
GWTG-
CAD†

ACTION-
GWTG

STEMI‡
GWTG-
Stroke

ACS

tPA within 30 min 73 52 27 69 N/A

PCI within 90 min 55 86 78 90 N/A

Stroke

IV tPA in patients
who arrived �2 h
after symptom
onset§

NA NA NA NA 73.1

IV tPA in patients
who arrived �3 h
after symptom
onset

NA NA NA NA 67.1

No IV tPA
(contraindicated/
warning)

NA NA NA NA 82.4

ACS indicates acute coronary syndrome; VHA, Veterans Health Administra-
tion; GWTG-CAD, Get With The Guidelines–Coronary Artery Disease; ACTION-
GWTG-STEMI, Acute Coronary Treatment and Intervention Outcomes Network/
Get With The Guidelines–ST-elevation myocardial infarction; tPA, tissue-type
plasminogen activator; NA, not applicable; PCI, percutaneous coronary inter-
vention; IV, intravenous.

Values are percentages.
*Acute myocardial infarction patients.
†GWTG-CAD: Patients admitted with a cardiovascular event. In the GWTG-

CAD registry, the in-hospital mortality rate was 4.5% (excludes transfer-out
patients; if discharge status was missing, it was assumed to be “no.”). The
mean length of hospital stay was 5.0 days (median 3.0 days).

‡ACTION Registry: STEMI and NSTEMI patients were reported separately.
Patients must have been admitted with acute ischemic symptoms within the
previous 24 hours, typically reflected by a primary diagnosis of ST-elevation
myocardial infarction or non–ST-elevation myocardial infarction. Patients who
were admitted for any other clinical condition were not eligible.

§Indicates 1 of the 7 key performance measures targeted in GWTG-Stroke.
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Table 20-9. Quality of Care by Race/Ethnicity and Sex in the
GWTG-CAD Program, 2009

Quality-of-Care Measure

Race/Ethnicity Sex

White Black Hispanic Men Women

Aspirin at admission* 98.0 98.2 97.9 97.9 97.5

Aspirin at discharge* 96.1 96.3 93.5 96.7 94.5

�-Blockers at discharge* 96.0 97.0 94.2 96.4 94.5

ACEI at discharge 62.7 68.6 68.2 65.4 59.5

ACEI at discharge
for AMI patients

64.6 70.1 71.1 67.3 61.7

ACEI in LVSD patients 84.8 83.1 82.4 84.4 81.6

ACEI/ARB for LVSD
patients at discharge*

93.4 93.0 93.0 92.6 92.1

Lipid therapy at discharge 87.5 85.9 79.4 88.5 82.6

Lipid therapy at discharge
if LDL �100 mg/dL*

93.5 90.7 91.5 95.2 88.2

Patients with last
BP �140/90 mm Hg

80.6 72.8 79.8 81.6 76.9

Smoking cessation
counseling*

98.5 98.7 99.0 98.3 98.1

Referral to cardiac
rehabilitation for AMI
patients

51.5 46.2 52.6 49.6 48.3

Composite quality-of-care
measure†

96.4 96.5 94.8 96.7 94.9

GWTG-CAD indicates Get With the Guidelines–Coronary Artery Disease; ACEI,
angiotensin-converting enzyme inhibitor; AMI inhibitor, acute myocardial
infarction; LVSD, left ventricular systolic dysfunction; ARB, angiotensin receptor
blocker; LDL, low-density lipoprotein; BP, blood pressure.

Values are percentages.
*Indicates the 6 key achievement measures targeted in GWTG-CAD.
†The composite quality-of-care measure indicates performance on the

provision of several elements of care. It is computed by summing the
numerators for each key achievement measure across the population of
interest to create a composite numerator (all the care that was given), summing
the denominators for each measure to form a composite denominator (all the
care that should have been given), and reporting the ratio (the percentage of
all the needed care that was given).

Table 20-10. Quality of Care by Race/Ethnicity and Sex in the
GWTG-HF Program, 2009

Quality-of-Care Measure

Race/Ethnicity Sex

White Black Hispanic Men Women

Complete set of discharge
instructions*

90.8 91.7 91.4 91.3 90.2

Measure of LV function* 98.3 98.9 97.3 98.4 98.0

ACEI or ARB at discharge
for patients with LVSD, no
contraindications*

92.0 94.2 94.0 92.8 93.0

Smoking cessation counseling,
current smokers*

96.6 99.1 96.7 97.8 97.1

�-Blockers at discharge
for patients with LVSD,
no contraindications*

92.8 92.0 91.2 93.2 92.0

Hydralazine/nitrates at
discharge for patients with
LVSD, no contraindications

NM 12.2 NM 13.1† 10.1†

Anticoagulation for atrial
fibrillation or atrial flutter,
no contraindications

69.2 67.2 72.3 71.6 66.1

Composite quality-of-care
measure‡

94.4 95.1 94.0 94.7 94.2

GWTG-HF indicates Get With The Guidelines–Heart Failure; LV, left ventric-
ular; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; LVSD, left ventricular systolic dysfunction; NM, not measured.

Values are percentages.
*Indicates the 5 key achievement measures targeted in GWTG-HF.
†For black patients only.
‡The composite quality-of-care measure indicates performance on the

provision of several elements of care. It is computed by summing the
numerators for each key achievement measure across the population of
interest to create a composite numerator (all the care that was given), summing
the denominators for each measure to form a composite denominator (all the
care that should have been given), and reporting the ratio (the percentage of
all the needed care that was given).
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Table 20-11. Quality of Care by Race/Ethnicity and Sex in the GWTG-Stroke Program, 2009

Quality-of-Care Measure

Race/Ethnicity Sex

Overall White Black Hispanic Male Female

IV tPA in patients who arrived �2 h after symptom onset* 73.1 73.2 72.7 73.0 74.6 71.7

IV tPA in patients who arrived �3 h after symptom onset 67.1 67.0 67.6 66.9 69.0 65.4

No IV-tPA (contraindicated/warning) 82.4 82.6 82.1 80.4 83.0 81.9

Thrombolytic complications: IV tPA and life-threatening,
serious systemic hemorrhage

15.1 15.1 13.7 16.2 14.3 16.0

Antithrombotics �48 h after admission* 96.2 96.4 95.8 95.3 96.6 95.8

DVT prophylaxis by second hospital day* 92.7 92.8 92.9 91.7 93.0 92.4

Antithrombotics at discharge* 97.8 97.9 97.3 96.9 98.1 97.5

Anticoagulation for atrial fibrillation at discharge* 93.5 93.8 91.9 91.3 93.9 93.2

Therapy at discharge if LDL �100 mg/dL or LDL not
measured or on therapy at admission*

86.2 86.0 86.7 86.7 88.8 84.0

Counseling for smoking cessation* 96.2 96.5 96.5 94.8 96.4 96.1

Lifestyle changes recommended for BMI �25 kg/m2 57.3 56.6 58.7 62.6 57.5 57.1

Composite quality-of-care measure† 93.3 93.3 93.4 92.6 94.1 92.5

GWTG-Stroke indicates Get With The Guidelines–Stroke; IV tPA, intravenous tissue-type plasminogen activator; DVT, deep venous thrombosis; LDL, low-density
lipoprotein; BMI, body mass index.

Values are percentages.
In-hospital mortality for the 2009 patient population was 6.9%, and mean length of hospital stay was 5.3 days (median 3.0 days).
*Indicates the 7 key performance measures targeted in GWTG-Stroke.
†The composite quality-of-care measure indicates performance on the provision of several elements of care. It is computed by summing the numerators for each

key achievement measure across the population of interest to create a composite numerator (all the care that was given), summing the denominators for each measure
to form a composite denominator (all the care that should have been given), and reporting the ratio (the percentage of all the needed care that was given).
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21. Medical Procedures

See Tables 21-1 and 21-2 and Charts 21-1 through 21-3.

● The total number of inpatient cardiovascular operations
and procedures increased 27%, from 5 382 000 in 1997 to
6 846 000 in 2007 (NHLBI computation based on NCHS
annual data). Data from the NHDS were examined for
trends from 1990 to 2004 for use of PCI and CABG and
in-hospital mortality rate due to PCI and CABG by sex.1

— Discharge rates (per 10 000 population) for PCI in-
creased 58%, from 37.2 in 1990–1992 to 59.2 in
2002–2004.

— Discharge rates for CABG increased from 34.1 in
1990–1992 to 38.6 in 1996–1998, then declined to 25.2
in 2002–2004.

— In 1990–1992, discharge rates for CABG were 53.5 for
males and 18.1 for females; these rates increased
through 1996–1998, then declined to 38.8 and 13.6,
respectively, in 2002–2004. The magnitude of these
declines decreased by age decile and were essentially
flat for both men and women 75 years of age.

— PCI discharge rates increased from 54.5 for males and
23.0 for females to 83.0 and 38.7 over the 15-year time
interval. In 2002–2004, discharge rates for men and
women 65 to 74 years of age were 135.1 and 64.0,
respectively. For those 75 years of age, the rates were
128.7 and 69.0, respectively.

— In-hospital mortality rate (deaths per 100 CABG dis-
charges) declined from 4.3 to 3.5 in 2002 to 2004
despite an increase in Charlson comorbidity index. The
mortality rate declined in all age and sex subsets, but
especially in women.

— PCI mortality remained stable over the 15-year interval.

● Data from the Acute Care Tracker database were used to
estimate the population-based rates per 100 000 population

for PCI and CABG procedures from 2002 to 2005, stan-
dardized to the 2005 US population2:

— Adjusted for age and sex, the overall rate for coronary
revascularization declined from 382 to 358 per
100 000. PCI rates during hospitalization increased
from 264 to 267 per 100 000, whereas CABG rates
declined from 121 to 94.

● Data from men and women enrolled in Medicare from 1992
to 2001 suggest that efforts to eliminate racial disparities in
the use of high-cost cardiovascular procedures (PCI,
CABG, and carotid endarterectomy) were unsuccessful.3

— In 1992, among women, the age-standardized rates of
carotid endarterectomy were 1.59 per 1000 enrollees
for whites and 0.64 per 1000 enrollees for blacks. By
2002, the rates were 2.42 per 1000 enrollees among
white women and 1.15 per 1000 enrollees among black
women. For men, the difference in rates between whites
and blacks remained the same. In 1992, the rates were
3.13 per 1000 enrollees among white men and 0.82 per
1000 enrollees among black men; in 2001, the rates
were 4.42 and 1.44, respectively.

Cardiac Catheterization and PCI

● From 1997 to 2007, the number of cardiac catheterizations
decreased slightly, from 1 112 000 to 1 059 000 annually.

● In 2007, an estimated 622 000 patients underwent PCI
(previously referred to as percutaneous transluminal coro-
nary angioplasty, or PTCA) procedures in the United States
(NHLBI tabulation, NHDS, NCHS).

● In 2007, �67% of PCI procedures were performed on men,
and �51% were performed on people �65 years of age
(NHDS, NCHS).

● The mortality rate for PCI has remained stable despite an
increase in risk.1

● In 2006, �76% of stents implanted during PCI were
drug-eluting stents compared with 24% that were bare-
metal stents.4

● In a study of nontransferred patients with STEMI treated
with primary PCI from July 2006 to March 2008, there was
significant improvement over time in the percentage of
patients receiving PCI within 90 minutes, from 54.1% from
July to September 2006 to 74.1% from January to March
2008 among hospitals participating in the GWTG-CAD
program. This improvement was seen whether or not
hospitals joined the D2B Alliance during that period.5

Cardiac Open Heart Surgery
The NHDS (NCHS) estimates that in 2007, in the United
States, 232 000 patients underwent a total of 408 000 coro-
nary artery bypass procedures (defined by procedure codes).
CABG volumes have declined nationally since 1998. Risk-
adjusted mortality for CABG has declined significantly over
the past decade:

● Data from the Society of Thoracic Surgeons’ National
Adult Cardiac Database (STS NCD), which voluntarily
collects data from �80% of all hospitals that perform

Abbreviations Used in Chapter 21

AHA American Heart Association

CABG coronary artery bypass graft

CHF congestive heart failure

D2B door-to-balloon

GWTG-CAD Get With The Guidelines–Coronary Artery Disease

HD heart disease

NCHS National Center for Health Statistics

NHDS National Hospital Discharge Survey

NHLBI National Heart, Lung, and Blood Institute

PCI percutaneous coronary intervention

PTCA percutaneous transluminal coronary angioplasty

STEMI ST-elevation myocardial infarction

STS Society of Thoracic Surgeons

STS NCD Society of Thoracic Surgeons’ National Adult
Cardiac Database

TOF tetralogy of Fallot
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CABG in the United States, indicate that a total of 163 149
procedures involved CABG in 2009.6

● Data from the STS NCD document a 50% decline in the
risk-adjusted mortality rate despite a significant increase in
preoperative surgical risk.7

Congenital Heart Surgery, 2005 to 2008 (From the
Society of Thoracic Surgeons [STS])
There were 91 639 procedures performed from July 2005 to
June 2009. The in-hospital mortality rate was 3.4% in 2009.
The 5 most common diagnoses were the following: Patent
ductus arteriosus (7.8%); hypoplastic left heart syndrome
(7.0%); ventricular septal defect, type 2 (5.7%); tetralogy of
Fallot (5.3%); and cardiac, other (4.7%).8

Congenital Heart Surgery, 1998 to 2002
(From STS)
There were 16 920 procedures performed from 1998 to 2002
at 18 centers. In 2002, there were 4208 procedures performed.
The in-hospital mortality ranged from 5.7% in 1998 to 4.3%
in 2002. Of these procedures, �46% were performed in
children �1 year old, �32% in infants between 29 days and
1 year of age, and �22% in neonates (�29 days old). The
conditions for which these procedures were most commonly
performed were the following: Patent ductus arteriosus
(6.5%), ventricular septal defect (6.4%), and TOF (6.0%).

Heart Transplantations
In 2009, 2211 heart transplantations were performed in the
United States. There are 249 transplant hospitals in the United
States, 127 of which perform heart transplantations (United
Network for Organ Sharing, Web site accessed June 24,
2010).

● Of the recipients, 72.1% are male, and 67.6% are white;
19.0% are black, whereas 9.1% are Hispanic; 25.5% are
�35 years of age, 17.9% are 35 to 49 years of age, and
56.6% are �50 years of age.

● As of June 25, 2010, for transplants that occurred between
1997 and 2004, the 1-year survival rate for males was
88.0%, and for females, it was 86.2%; the 3-year rates were
79.3% for males and 77.2% for females; and the 5-year
rates were 73.1% for males and 69.0% for females. The 1-,
3-, and 5-year survival rates for white cardiac transplant
patients were 87.1%, 79.2%, and 72.5%, respectively. For
black patients, they were 85.5%, 71.9%, and 62.3%,
respectively. For Hispanic patients, they were 88.7%,
77.6%, and 72.1%, respectively.

● As of June 25, 2010, 3153 patients were on the transplant
waiting list for a heart transplant and 80 patients were on
the list for a heart/lung transplant.

Cardiovascular Healthcare Expenditures
An analysis of claims and enrollment data from the Continuous
Medicare History Sample and from physician claims from 1995
to 2004 was used to evaluate the conditions that contributed to
the most expensive 5% of Medicare beneficiaries.9

● Ischemic HD, CHF, and cerebrovascular disease, respec-
tively, constituted 13.8%, 5.9%, and 5.7% of the conditions
of all beneficiaries in 2004. In patients in the top 5%
overall for all expenditures, the respective figures were
39.1%, 32.7%, and 22.3% for these cardiovascular
conditions.
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Table 21-1. 2008 National Healthcare Cost and Utilization:
Project Statistics: Mean Hospital Charges and In-Hospital
Death: Rates for Various Procedures

Procedure
Mean Hospital

Charges, $
In-Hospital

Death Rate, %

Total vascular and cardiac surgery
and procedures

62 509 3.04

CABG 117 094 1.89

PCI 56 015 0.87

Diagnostic cardiac catheterization 34 198 0.86

Pacemaker 57 633 1.29

Implantable defibrillator 124 901 0.61

Endarterectomy 30 588 0.30

Valves 164 238 4.89

CABG indicates coronary artery bypass graft; PCI, percutaneous coronary
intervention.

Data derived from the Agency for Healthcare Research and Quality,
Healthcare Cost and Utilization Project.10

Table 21-2. Estimated* Inpatient Cardiovascular Operations, Procedures, and Patient Data by Sex and Age: United States, 2007
(in Thousands)

Operation/Procedure/Patients ICD-9-CM Code(s) All

Sex Age, y

Males Females �15 15– 44 45– 64 �65

Valves 35.1, 35.2, 35.99 106 64 41 † 7† 27 68

Angioplasty 36.0, 00.66 1179 787 392 † 66 502 610

PCI (patients) 36.06, 36.07, 00.66 (Any) 622 414 208 † 34 263 324

PCI 00.66 618 410 208 † 35 263 320

PCI with stents 36.06, 36.07 560 376 183 † 31 238 290

Cardiac revascularization
(bypass)§

36.1–36.3 408 293 115 . . . 9† 167 233

Cardiac revascularization
(bypass) (patients)

36.1–36.3 (Any) 232 164 68 . . . 5† 90 137

Cardiac catheterization 37.21–37.23 1059 638 420 6† 92 453 517

Pacemakers 37.7, 37.8, 00.50, 00.53 358 180 178 † 11 58 287

Pacemaker devices (37.8, 00.53) 160 78 82 † † 21 134

Pacemaker leads (37.7, 00.50) 198 102 96 † 7† 37 153

Implantable defibrillators 37.94–37.99, 00.51, 00.54 111 78 32 † 6† 38 66

Endarterectomy 38.12 91 53 38 . . . † 24 66

Total vascular and cardiac
surgery and procedures�¶

35–39, 00.50–00.51,
00.53–00.55, 00.61–00.66

6846 3912 2934 77 726 2517 3526

ICD-9-CM indicates International Classification of Diseases, 9th Revision, Clinical Modification; PCI, percutaneous coronary intervention.
Ellipses (. . .) indicate data not available.
These data do not reflect any procedures performed on an outpatient basis. Many more procedures are being performed on an outpatient basis. Some of the lower

numbers in this table compared with 2006 probably reflect this trend.
*Breakdowns are not available for some procedures, so entries for some categories do not add to totals. These data include codes for which the estimated number

of procedures is �5000. Categories of such small numbers are considered unreliable by NCHS and in some cases may have been omitted.
†Estimate should be used with caution because it may be unreliable or does not meet standards of reliability or precision.
§Because �1 procedure codes are required to describe the specific bypass procedure performed, it is impossible from these (mixed) data to determine the average

number of grafts per patient.
�Totals include procedures not shown here.
¶This estimate includes angioplasty and stent insertions for noncoronary arteries.
Data derived from the National Hospital Discharge Survey/National Center for Health Statistics, 2007. Estimates are based on a sample of inpatient records from

short-stay hospitals in the United States.

e196 Circulation February 1, 2011

 by guest on July 25, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


22 57

719

2,107

2,363

2,199
2,125

2,211

0

500

1,000

1,500

2,000

2,500

1975 1980 1985 1990 1995 2000 2005 2009

N
um

be
r o

f T
ra

ns
pl

an
ts

Years

Chart 21-1. Trends in heart transplantations (United Network for Organ Sharing : 1975–2009). Source: United Network for Organ Shar-
ing (UNOS), scientific registry data.

0

200

400

600

800

1000

1200

1400

1979 1980 1985 1990 1995 2000 2006 2007

Pr
oc

ed
ur

es
 in

 T
ho

us
an

ds

Years

Catheterizations Bypass PCI Carotid Endarterectomy Pacemakers

Chart 21-2. Trends in cardiovascular procedures, United States: 1979–2007. PCI indicates percutaneous coronary intervention. Note:
In-hospital procedures only. Source: National Hospital Discharge Survey, National Center for Health Statistics, and National Heart,
Lung, and Blood Institute.

Heart Disease and Stroke Statistics—2011 Update: Chapter 21 e197

 by guest on July 25, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


0.4

1.0

1.1

1.2

1.6

1.8

4.2

5.5

6.4

7.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Hemic and Lymphatic 40-41

Urinary System 55-59

Respiratory System 30-34

Nervous System 01-05

Integumentary System 85-86

Female Genital Organs 65-71

Musculoskeletal 76-84

Digestive System 42-54

Cardiovascular 35-39

Obstetrical 72-75

Millions

Chart 21-3. Number of surgical procedures in the 10 leading diagnostic groups, United States: 2007. Source: National Hospital Dis-
charge Survey/National Center for Health Statistics and National Heart, Lung, and Blood Institute.

e198 Circulation February 1, 2011

 by guest on July 25, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


22. Economic Cost of
Cardiovascular Disease

See Tables 22-1 and 22-2 and Charts 22-1 and 22-2.

The total direct and indirect cost of CVD and stroke in the
United States for 2007 is an estimated $286 billion (Table 22-1;
Chart 22-1). This figure includes $167 billion in expenditures
(direct costs, which include the cost of physicians and other
professionals, hospital services, prescribed medications, and
home health care) and $119 billion in lost productivity resulting
from premature mortality (indirect costs).

The $286 billion is substantially lower than the estimate in
the 2010 Statistical Update. Previously, annual estimates
were based on the assumption that the proportion of CVD
costs to total costs for physician services, hospital care, drugs,
etc that were reported in a major study of 1995 direct costs
were still valid in the current year. Each year, the 1995
proportions were applied to current National Health Expen-
diture Accounts (NHEA) of aggregate personal healthcare
expenditures from the CMS to estimate direct costs.1 Because
the assumption becomes weaker each year, the decision was
made to use another data source.

The previous estimates of indirect morbidity costs of CVD
were also unsatisfactory because they were based on extrap-
olations from 1980 data and were only corrected for annual
inflation. In addition, the estimates for the specific CVDs
were based on crude assumptions that used data for bed
disability days. The true indirect morbidity costs of lost
productivity due to CVD illnesses are probably large, but data
to estimate them are inadequate.

Thus, the following changes were made:

● The annual direct cost estimates are available on the Web
site of the nationally representative MEPS of the AHRQ.1

● The estimates of indirect morbidity costs will be discon-
tinued until adequate estimates can be made.

● Estimates of all direct costs and indirect mortality costs are
limited to the latest year for which MEPS data are
available, 2007, rather than projecting costs to 2011.

The advantages of using data from MEPS are as follows:

● MEPS is designed to estimate healthcare utilization and
expenditures linked to specific medical conditions for the
US civilian noninstitutionalized population, and the esti-
mates are based on person-level survey data directly linked
to patient care events.2

● The estimates are available annually on the MEPS Web site
and can be customized by age, sex, and race/ethnicity.1

● MEPS data have been used extensively in scientific publi-
cations and reports.2

Some disadvantages of using data from MEPS are as follows:

● MEPS cost estimates cover a narrower population and a
narrower range of healthcare expenditures than the NHEA
estimates.3 For example, costs of nursing home care are not
included.

● The MEPS data are based on household reports, which are
subject to underreporting and misreporting of individual
medical events and to annual fluctuation.2

● The $286 billion estimate includes some double counting
of costs for individuals classified in more than 1 of the 4
CVD groups.

● Direct costs for CHD and HF are not included in the list of
conditions on the MEPS Web site.

● Direct costs for hypertension exclude costs for hyperten-
sive HD, which are included in the HD costs. There is no
estimate for total hypertension.

There is no change in the way mortality costs are estimated
except to limit estimates to the same year (2007) as for direct
costs (personal communication [unpublished table of present
value of lifetime earnings by age and sex, United States,
2005] from Wendy Max, PhD, University of California at San
Francisco, and data from the National Center for Health
Statistics4 and the US Census Bureau5).

Most Costly Diseases
CVD and stroke accounted for 15% of the total health
expenditures in 2007.2,6 The total cost and the indirect
mortality cost estimates for CVD are higher than for any other
major diagnostic group.1 By way of comparison, CVD total
direct and indirect costs shown in Table 22-1 are higher than
the official National Cancer Institute estimates for cancer and
benign neoplasms in 2010, which were cited as $264 billion
total, $103 billion direct, $21 billion indirect morbidity, and
$140 billion indirect cost of mortality.7

Table 22-2 shows direct and indirect costs for CVD by sex
and by 2 broad age groups. Chart 22-2 shows total direct costs
for the 13 leading chronic diseases in the MEPS list.
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Abbreviations Used in Chapter 22

AHRQ Agency for Healthcare Research and Quality

CHD coronary heart disease

CMS Centers for Medicare & Medicaid Services

CVD cardiovascular disease

HD heart disease

HF heart failure

MEPS Medical Expenditure Panel Survey

NHEA National Health Expenditure Accounts
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Table 22-1. Estimated Direct and Indirect Costs (in Billions of Dollars) of Cardiovascular Disease and
Stroke: United States, 2007 (Based on New Data Sources and Estimation Methods)

Heart
Disease* Stroke

Hypertensive
Disease†

Other Circulatory
Conditions

Total Cardiovascular
Disease

Direct costs‡

Hospital inpatient stays 49.8 17.9 6.2 11.8 85.7

Hospital emergency room visits 3.9 0.6 0.6 0.2 5.3

Hospital outpatient or office-based
provider visits

13.7 2.5 9.8 5.0 31.0

Home health care 6.3 2.9 3.6 1.1 13.9

Prescribed medicines 8.5 1.3 20.4 1.2 31.4

Total expenditures 82.2 25.2 40.6 19.3 167.4

Indirect costs§

Lost productivity/mortality� 95.3 15.7 2.9 5.3 119.2

Grand totals 177.5 40.9 43.5 24.6 286.6

Numbers do not add to total due to rounding.
*This category includes coronary heart disease, heart failure, part of hypertensive disease, cardiac dysrhythmias, rheumatic heart

disease, cardiomyopathy, pulmonary heart disease, and other or ill-defined heart diseases.
†Costs due to hypertensive disease are limited to hypertension without heart disease.
‡Medical Expenditure Panel Survey healthcare expenditures are estimates of direct payments for care of a patient with the given

disease provided during the year, including out-of-pocket payments and payments by private insurance, Medicaid, Medicare, and
other sources. Payments for over-the-counter drugs are not included. These estimates of direct costs do not include payments
attributed to comorbidities. Total cardiovascular disease costs are the sum of costs for the 4 diseases but with some duplication.

§The Statistics Committee agreed to suspend presenting estimates of lost productivity due to morbidity until a better estimating
method can be developed.

�Earnings of persons who died in 2007, discounted at 3%.
Sources: Estimates from the Household Component of the Medical Expenditure Panel Survey of the Agency for Healthcare Research

and Quality for direct costs (2007).1 Indirect mortality costs are based on 2007 counts of deaths by the National Center for Health
Statistics and an estimated present value of lifetime earnings furnished for 2005 by Wendy Max (Institute for Health and Aging,
University of California, San Francisco, 2009) and inflated to 2007 from mean earnings values reported by the US Census Bureau.4,5

All estimates prepared by Thomas Thom and Michael Mussolino, National Heart, Lung, and Blood Institute.

Table 22-2. Costs of Total CVD in Billions of Dollars by Age
and Sex: United States, 2007

Total

Sex Age, y

Males Females �65 �65

Direct costs 167.4 86.4 81.0 74.6 92.8

Indirect mortality 119.2 91.3 27.9 103.0 16.2

Total 286.6 177.7 108.9 177.6 109.0

CVD indicates cardiovascular disease.
Numbers may not add due to rounding.
Source: Medical Expenditure Panel Survey. All estimates prepared by

Thomas Thom and Michael Mussolino, National Heart, Lung, and Blood
Institute.
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23. At-a-Glance Summary Tables
See Tables 23-1 through 23-4.
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Table 23-1. Males and CVD: At-a-Glance Table

Diseases and Risk Factors Both Sexes Total Males White Males Black Males Mexican American Males

Total CVD

Prevalence, 2008* 82.6 M (36.2%) 39.9 M (37.4%) 37.4% 44.8% 30.7%

Mortality, 2007† 813.8 K 391.9 K 334.6 K 47.4 K NA

CHD

Prevalence, CHD, 2008* 16.3 M (7.0%) 8.8 M (8.3%) 8.5% 7.9% 6.3%

Prevalence, MI, 2008* 7.9 M (3.1%) 4.8 M (4.3%) 4.3% 4.3% 3.0%

Prevalence, AP, 2008* 9.0 M (3.9%) 4.0 M (3.8%) 3.8% 3.3% 3.6%

New and recurrent CHD‡§ 1.26 M 740.0 K 675.0 K 70.0 K NA

New and recurrent MI§ 935.0 K 565.0 K NA NA NA

Incidence of AP (stable angina)� 500.0 K 320.0 K NA NA NA

Mortality, 2007 CHD† 406.4 K 216.1 K 189.1 K 21.8 K NA

Mortality, 2007 MI† 133.0 K 71.7 K 63.0 K 6.9 K NA

Stroke

Prevalence, 2008* 7.0 M (3.0%) 2.8 M (2.7%) 2.4% 4.5% 2.0%

New and recurrent strokes† 795.0 K 370.0 K 325.0 K 45.0 K NA

Mortality, 2007† 136.0 K 54.1 K 44.7 K 7.5 K NA

HBP

Prevalence, 2008* 76.4 M (33.5%) 36.5 M (34.1%) 33.9% 43.0% 27.8%

Mortality, 2007† 57.7 K 25.0 K 18.2 K 6.1 K NA

HF

Prevalence, 2008* 5.7 M (2.4%) 3.1 M (3.0%) 2.7% 4.5% 2.3%

Mortality, 2007† 56.6 K 22.9 K 20.3 K 2.3 K NA

Smoking

Prevalence, 2009¶ 46.6 M (20.6%) 25.7 M (23.1%) 25.0% 22.9% NA

Blood cholesterol

Prevalence, 2008

Total cholesterol �200 mg/dL* 98.8 M (44.4%) 45.0 M (41.8%) 41.2% 37.0% 50.1%

Total cholesterol �240 mg/dL* 33.6 M (15.0%) 14.6 M (13.5%) 13.7% 9.7% 16.9%

LDL-C �130 mg/dL* 71.3 M (31.9%) 35.3 M (32.5%) 30.5% 34.4% 41.9%

HDL-C �40 mg/dL* 41.8 M (18.9%) 30.8 M (28.6%) 29.5% 16.6% 31.7%

PA#

Prevalence, 2009¶ 34.9% 37.4% 40.1% 36.0% NA

Overweight and obesity

Prevalence, 2008

Overweight and obesity, BMI �25.0 kg/m2* 149.3 M (67.3%) 78.0 M (72.4%) 72.3% 70.8% 77.5%

Obesity, BMI �30.0 kg/m2* 75.0 M (33.7%) 34.9 M (32.4%) 32.1% 37.0% 31.4%

DM

Prevalence, 2008

Physician-diagnosed DM* 18.3 M (8.2%) 8.3 M (7.7%) 6.8% 14.3% 11.0%

Undiagnosed DM* 7.1 M (3.2%) 4.4 M (4.2%) 3.9% 4.8% 6.3%

Prediabetes* 81.5 M (36.8%) 48.1 M (44.7%) 45.4% 31.6% 44.9%

Incidence, diagnosed DM* 1.6 M NA NA NA NA

Mortality, 2007† 71.4 K 35.5 K 28.7 K 5.5 K NA

CVD indicates cardiovascular disease; M, millions; K, thousands; NA, data not available; CHD, coronary heart disease (includes heart attack, angina pectoris chest
pain, or both); MI, myocardial infarction (heart attack); AP, angina pectoris (chest pain); mg/dL, milligrams per deciliter; HBP, high blood pressure; HF, heart failure;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; PA, physical activity; BMI, body mass index; kg/m2, kilograms per square
meter; DM, diabetes mellitus.

*Age �20 years.
†All ages.
‡New and recurrent MI and fatal CHD.
§Age �35 years.
�Age �45 years.
¶Age �18 years.
#Regular leisure-time PA.
Sources: See summary tables for each chapter in this Update.
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Table 23-2. Females and CVD: At-a-Glance Table

Diseases and Risk Factors Both Sexes Total Females White Females Black Females
Mexican American

Females

Total CVD

Prevalence, 2008* 82.6 M (36.2%) 42.7 M (35.0%) 33.8% 47.3% 30.9%

Mortality, 2007† 813.8 K 421.9 K 362.8 K 50.0 K NA

CHD

Prevalence, CHD, 2008* 16.3 M (7.0%) 7.5 M (6.1%) 5.8% 7.6% 5.6%

Prevalence, MI, 2008* 7.9 M (3.1%) 3.1 M (2.2%) 2.1% 2.2% 1.1%

Prevalence, AP, 2008* 9.0 M (3.9%) 5.0 M (4.0%) 3.7% 5.6% 3.7%

New and recurrent CHD‡§ 1.26 M 515.0 K 445.0 K 65.0 K NA

New and recurrent MI§ 935.0 K 370.0 K NA NA NA

Incidence of AP (stable angina)� 500.0 K 180.0 K NA NA NA

Mortality, 2007 CHD† 406.4 K 190.3 K 165.4 K 20.9 K NA

Mortality, 2007 MI† 133.0 K 61.3 K 52.9 K 7.1 K NA

Stroke

Prevalence, 2008* 7.0 M (3.0%) 4.2 M (3.3%) 3.3% 4.4% 2.7%

New and recurrent strokes† 795.0 K 425.0 K 365.0 K 60.0 K NA

Mortality, 2007† 136.0 K 81.8 K 70.0 K 9.5 K NA

HBP

Prevalence, 2008* 76.4 M (33.5%) 39.9 M (32.7%) 31.3% 45.7% 28.9%

Mortality, 2007† 57.7 K 32.7 K 25.4 K 6.5 K NA

HF

Prevalence, 2008* 5.7 M (2.4%) 2.6 M (2.0%) 1.8% 3.8% 1.3%

Mortality, 2007† 56.6 K 33.7 K 30.1 K 3.2 K NA

Smoking

Prevalence, 2009¶ 46.6 M (20.6%) 21.0 M (18.3%) 20.7% 18.8% NA

Blood cholesterol

Prevalence, 2008

Total cholesterol �200 mg/dL* 98.8 M (44.4%) 53.8 M (46.3%) 47.0% 41.2% 46.5%

Total cholesterol �240 mg/dL* 33.6 M (15.0%) 19.0 M (16.2%) 16.9% 13.3% 14.0%

LDL-C �130 mg/dL* 71.3 M (31.9%) 36.0 M (31.0%) 32.0% 27.7% 31.6%

HDL-C �40 mg/dL* 41.8 M (18.9%) 11.0 M (9.7%) 10.1% 6.6% 12.2%

PA#

Prevalence, 2009¶ 34.9% 32.7% 36.2% 24.1% NA

Overweight and obesity

Prevalence, 2008

Overweight and obesity, BMI �25.0 kg/m2* 149.3 M (67.3%) 71.3 M (62.3%) 59.3% 77.7% 75.1%

Obesity, BMI �30.0 kg/m2* 75.06 M (33.7%) 40.1 M (35.2%) 35.2% 51.0% 43.4%

DM

Prevalence, 2008

Physician-diagnosed DM* 18.3 M (8.2%) 10.0 M (8.7%) 6.5% 14.7% 12.7%

Undiagnosed DM* 6.7 M (3.2%) 2.7 M (2.3%) 1.9% 4.0% 3.8%

Prediabetes* 81.5 M (36.8%) 25.7 M (22.2%) 27.9% 27.1% 34.3%

Incidence, diagnosed DM* 1.6 M NA NA NA NA

Mortality, 2007† 71.4 K 35.9 K 27.6 K 7.0 K NA

Abbreviations as in Table 23-1.
*Age �20 years.
†All ages.
‡New and recurrent MI and fatal CHD.
§Age �35 years.
�Age �45 years.
¶Age �18 years.
#Regular leisure-time physical activity.
Sources: See summary tables for each chapter in this Update.
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Table 23-3. Ethnic Groups and CVD: At-a-Glance Table

Diseases and Risk Factors Both Sexes

Whites Blacks
Mexican

Americans
Hispanics/

Latinos
Asians,

Both Sexes

American Indians/
Alaska Natives,

Both SexesMales Females Males Females Males Females Males Females

Total CVD

Prevalence, 2008* 82.6 M (36.2%) 37.4% 33.8% 44.8% 47.3% 30.7% 30.9% NA NA NA NA

Mortality, 2007† 813.8 K 334.6 K 362.8 K 47.4 K 50.0 K NA NA NA NA NA NA

CHD

Prevalence, CHD, 2008* 16.3 M (7.0%) 8.5% 5.8% 7.9% 7.6% 6.3% 5.6% NA NA NA NA

Prevalence, MI, 2008* 7.9 M (3.1%) 4.3% 2.1% 4.3% 2.2% 3.0% 1.1% NA NA NA NA

Prevalence, AP, 2008* 9.0 M (3.9%) 3.8% 3.7% 3.3% 5.6% 3.6% 3.7% NA NA NA NA

New and recurrent CHD‡§ 1.26 M 675.0 K 445.0 K 70.0 K 65.0 K NA NA NA NA NA NA

Mortality, CHD, 2007† 406.4 K 189.1 K 165.4 K 21.8 K 20.9 K NA NA NA NA NA NA

Mortality, MI, 2007† 133.0 K 63.0 K 52.9 K 7.0 K 7.1 K NA NA NA NA NA NA

Stroke

Prevalence, 2008* 7.0 M (3.0%) 2.4% 3.3% 4.5% 4.4% 2.0% 2.7% NA NA NA NA

New and recurrent strokes† 795.0 K 325.0 K 365.0 K 45.0 K 60.0 K NA NA NA NA NA NA

Mortality, 2007† 136.0 K 44.7 K 70.0 K 7.5 K 9.5 K NA NA NA NA NA NA

HBP

Prevalence, 2008* 76.4 M (33.5%) 33.9% 31.3% 43.0% 45.7% 27.8% 28.9% NA NA NA NA

Mortality, 2007† 57.7 K 18.2 K 25.4 K 6.1 K 6.5 K NA NA NA NA NA NA

HF

Prevalence, 2008* 5.7 M (2.4%) 2.7% 1.8% 4.5% 3.8% 2.3% 1.3% NA NA NA NA

Mortality, 2007† 56.6 K 20.3 K 30.1 K 2.3 K 3.2 K NA NA NA NA NA NA

Smoking

Prevalence, 2009� 46.6 M (20.6%) 25.0% 20.7% 22.9% 18.8% 13.2% 17.6% 9.4% 11.6% 19.0%

Blood cholesterol

Prevalence, 2008

Total cholesterol
�200 mg/dL*

98.8 M (44.4%) 41.2% 47.0% 37.0% 41.2% 50.1% 46.5% NA NA NA NA

Total cholesterol
�240 mg/dL*

33.6 M (15.0%) 13.7% 16.9% 9.7% 13.3% 16.9% 14.0% NA NA NA NA

LDL-C �130 mg/dL* 71.3 M (31.9%) 30.5% 32.0% 34.4% 27.7% 41.9% 31.6% NA NA NA NA

HDL-C �40 mg/dL* 41.8 M (18.9%) 29.5% 10.1% 16.6% 6.6% 31.7% 12.2% NA NA NA NA

PA¶

Prevalence, 2009� 34.9% 37.4% 29.3% NA NA 27.8% 28.3% 34.0%

Overweight and obesity

Prevalence, 2008

Overweight and obesity,
BMI �25.0 kg/m2*

149.3 M (67.3%) 72.3% 59.3% 70.8% 77.7% 77.5% 75.1% NA NA NA NA

Obesity, BMI �30.0 kg/m2* 75.0 M (33.7%) 32.1% 32.8% 37.0% 51.0% 31.4% 43.4% NA NA NA NA

DM

Prevalence, 2008

Physician-diagnosed DM* 18.3 M (8.0%) 6.8% 6.5% 14.3% 14.7% 11.0% 12.7% NA NA NA NA

Undiagnosed DM* 7.1 M (3.1%) 3.9% 1.9% 4.8% 4.0% 6.3% 3.8% NA NA NA NA

Prediabetes* 81.5 M (36.8%) 45.4% 27.9% 31.6% 27.1% 44.9% 34.3% NA NA NA NA

Incidence, diagnosed DM* 1.6 M NA NA NA NA NA NA NA NA NA NA

Mortality, 2007† 71.4 K 28.7 K 27.6 K 5.5 K 7.0 K NA NA NA NA NA NA

Abbreviations as in Table 23-1.
*Age �20 years.
†All ages.
‡New and recurrent MI and fatal CHD.
§Age �35 years.
�Age �18 years.
¶Regular leisure-time physical activity.
Sources: See summary tables for each chapter in this Update.
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Table 23-4. Children, Youth, and CVD: At-a-Glance Table

Diseases and Risk Factors Both Sexes Total Males Total Females

NH Whites NH Blacks
Mexican

Americans

Males Females Males Females Males Females

Congenital cardiovascular defects

Mortality, 2007* 3.5 K 1.9 K 1.6 K 1.5 K 1.2 K 0.3 K 0.3 K NA NA

Smoking, %

High school students, grades 9–12

Current cigarette smoking, 2009 19.5 19.8 19.1 22.3 22.8 10.7 8.4 19.4† 16.7†

Current cigar smoking, 2009 14.0 18.6 8.8 21.0 8.0 13.9 11.5 15.8† 9.5†

Blood cholesterol

Mean total cholesterol, mg/dL

Ages 4–11 y 164.5 163.8 165.2 163.9 165.6 165.7 162.3 160.7 161.5

Ages 12–19 y 159.2 156.3 162.3 155.9 162.3 157.7 163.6 156.9 161.3

Mean HDL-C, mg/dL

Ages 4–11 y 54.7 55.6 53.6 54.7 52.8 61.4 58.1 53.6 51.1

Ages 12–19 y 51.6 49.3 54.0 48.1 53.3 54.6 56.9 48.3 53.5

Mean LDL-C, mg/dL

Ages 12–19 y 88.5 87.1 89.9 87.6 89.8 88.8 92.6 88.4 88.8

PA‡

Prevalence, grades 9–12, 2009§

Met currently recommended levels of PA, % 37.0 45.6 27.7 47.3 31.3 43.3 21.9 41.3† 24.9†

Overweight and obesity

Prevalence, 2008

Children and adolescents, ages 2–19 y
(overweight or obese)

23.5 M (31.9%) 12.3 M (32.7%) 11.2 M (31.0%) 31.9% 29.5% 30.8% 39.2% 40.8% 35.0%

Students in grades 9–12§
(overweight only)

15.8% 15.1% 9.6% 15.7% 12.8% 16.6% 21.4% 18.3%† 17.9%†

CVD indicates cardiovascular disease; K, thousands; NA, data not available; mg/dL, milligrams per deciliter; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; PA, physical activity; M, millions.

Overweight indicates a body mass index in the 95th percentile of the Centers for Disease Control and Prevention 2000 growth chart.
*All ages.
†Hispanic.
‡Regular leisure-time physical activity.
§Centers for Disease Control and Prevention.1

Sources: See summary tables in related chapters in this Update. For more data on congenital defects, see Chapter 8.
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24. Glossary

● Age-adjusted rates—Used mainly to compare the rates of
�2 communities or population groups or the nation as a
whole over time. The American Heart Association (AHA)
uses a standard population (2008), so these rates are not
affected by changes or differences in the age composition
of the population. Unless otherwise noted, all death rates in
this publication are age adjusted per 100 000 population
and are based on underlying cause of death.

● Agency for Healthcare Research and Quality (AHRQ)—A
part of the US Department of Health and Human Services,
this is the lead agency charged with supporting research
designed to improve the quality of healthcare, reduce the
cost of healthcare, improve patient safety, decrease the
number of medical errors, and broaden access to essential
services. AHRQ sponsors and conducts research that pro-
vides evidence-based information on healthcare outcomes,
quality, cost, use, and access. The information helps
healthcare decision makers (patients, clinicians, health
system leaders, and policy makers) make more informed
decisions and improve the quality of healthcare services.

● Bacterial endocarditis—An infection of the heart’s inner
lining (endocardium) or of the heart valves. The bacteria
that most often cause endocarditis are streptococci, staph-
ylococci, and enterococci.

● Body mass index (BMI)—A mathematical formula to as-
sess body weight relative to height. The measure correlates
highly with body fat. It is calculated as weight in kilograms
divided by the square of the height in meters (kg/m2).

● Centers for Disease Control and Prevention/National Cen-
ter for Health Statistics (CDC/NCHS)—An agency within
the US Department of Health and Human Services. The
CDC conducts the Behavioral Risk Factor Surveillance
System (BRFSS), an ongoing study. The NCHS also
conducts or has conducted these studies (among others):

— National Health Examination Survey (NHES I, 1960 to
1962; NHES II, 1963 to 1965; NHES III, 1966 to 1970)

— National Health and Nutrition Examination Survey I
(NHANES I, 1971 to 1974)

— National Health and Nutrition Examination Survey II
(NHANES II, 1976 to 1980)

— National Health and Nutrition Examination Survey III
(NHANES III, 1988 to 1994)

— National Health and Nutrition Examination Survey
(NHANES, 1999 to …) (ongoing)

— National Health Interview Survey (NHIS) (ongoing)
— National Home and Hospice Care Survey (periodic)
— National Hospital Discharge Survey (NHDS) (ongoing)
— National Nursing Home Survey (periodic)

● Centers for Medicare & Medicaid Services (CMS), for-
merly Health Care Financing Administration (HCFA)—
The federal agency that administers the Medicare, Medic-
aid, and Child Health Insurance programs.

● Comparability ratio—Provided by the NCHS to allow
time-trend analysis from one International Classification
of Diseases (ICD) revision to another. It compensates for

the “shifting” of deaths from one causal code number to
another. Its application to mortality based on one ICD
revision means that mortality is “comparability modified”
to be more comparable to mortality coded to the other ICD
revision.

● Coronary heart disease (CHD) (ICD-10 codes I20–I25)—
This category includes acute myocardial infarction (I21–
I22), other acute ischemic (coronary) heart disease (I24),
angina pectoris (I20), atherosclerotic cardiovascular dis-
ease (I25.0), and all other forms of chronic ischemic CHD
(I25.1–I25.9).

● Death rate—The relative frequency with which death
occurs within some specified interval of time in a popula-
tion. National death rates are computed per 100 000 pop-
ulation. Dividing the total number of deaths by the total
population gives a crude death rate for the total population.
Rates calculated within specific subgroups, such as age-
specific or sex-specific rates, are often more meaningful
and informative. They allow well-defined subgroups of the
total population to be examined. Unless otherwise stated,
all death rates in this publication are age adjusted and are
per 100 000 population.

● Diseases of the circulatory system (ICD codes I00–
I99)—Included as part of what the AHA calls “cardio-
vascular disease.” (See “Total cardiovascular disease” in
this Glossary.)

● Diseases of the heart—Classification the NCHS uses in
compiling the leading causes of death. Includes acute
rheumatic fever/chronic rheumatic heart diseases (I00–
I09), hypertensive heart disease (I11), hypertensive heart
and renal disease (I13), coronary heart disease (I20–I25),
pulmonary heart disease and diseases of pulmonary circu-
lation (I26–I28), heart failure (I50), and other forms of
heart disease (I29–I49, I50.1–I51). “Diseases of the heart”
are not equivalent to “total cardiovascular disease,” which
the AHA prefers to use to describe the leading causes of
death.

● Health Care Financing Administration (HCFA)—See Cen-
ters for Medicare & Medicaid Services (CMS).

● Hispanic origin—In US government statistics, “Hispanic”
includes people who trace their ancestry to Mexico, Puerto
Rico, Cuba, Spain, the Spanish-speaking countries of
Central or South America, the Dominican Republic, or
other Spanish cultures, regardless of race. It does not
include people from Brazil, Guyana, Suriname, Trinidad,
Belize, or Portugal, because Spanish is not the first lan-
guage in those countries. Most of the data in this update are
for Mexican Americans or Mexicans, as reported by
government agencies or specific studies. In many cases,
data for all Hispanics are more difficult to obtain.

● Hospital discharges—The number of inpatients discharged
from short-stay hospitals for whom some type of disease
was the first-listed diagnosis. Discharges include those
discharged alive, dead, or “status unknown.”

● International Classification of Diseases (ICD) codes—A
classification system in standard use in the United States.
The International Classification of Diseases is published
by the World Health Organization. This system is reviewed
and revised approximately every 10 to 20 years to ensure
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its continued flexibility and feasibility. The 10th revision
(ICD-10) began with the release of 1999 final mortality
data. The ICD revisions can cause considerable change in
the number of deaths reported for a given disease. The
NCHS provides “comparability ratios” to compensate for
the “shifting” of deaths from one ICD code to another. To
compare the number or rate of deaths with that of an earlier
year, the “comparability-modified” number or rate is used.

● Incidence—An estimate of the number of new cases of a
disease that develop in a population, usually in a 1-year
period. For some statistics, new and recurrent attacks, or
cases, are combined. The incidence of a specific disease is
estimated by multiplying the incidence rates reported in
community- or hospital-based studies by the US popula-
tion. The rates in this report change only when new data are
available; they are not computed annually.

● Major cardiovascular diseases—Disease classification
commonly reported by the NCHS; represents ICD codes
I00–I78. The AHA does not use “major cardiovascular
diseases” for any calculations. See “Total cardiovascular
disease” in this Glossary.

● Metabolic syndrome—The metabolic syndrome is defined*
as the presence of any 3 of the following 5 diagnostic
measures: Elevated waist circumference (�102 cm in men
or �88 cm in women), elevated triglycerides (�150 mg/dL
[1.7 mmol/L] or drug treatment for elevated triglycerides),
reduced high-density lipoprotein (HDL) cholesterol (�40
mg/dL [0.9 mmol/L] in men, �50 mg/dL [1.1 mmol/L] in
women, or drug treatment for reduced HDL cholesterol),
elevated blood pressure (�130 mm Hg systolic blood
pressure, �85 mm Hg diastolic blood pressure, or drug
treatment for hypertension), and elevated fasting glucose
(�100 mg/dL or drug treatment for elevated glucose).

● Morbidity—Incidence and prevalence rates are both mea-
sures of morbidity (ie, measures of various effects of
disease on a population).

● Mortality—Mortality data for states can be obtained from
the NCHS Web site (http://cdc.gov/nchs/), by direct com-
munication with the CDC/NCHS, or from the AHA on
request. The total number of deaths due to a given disease
in a population during a specific interval of time, usually a
year, are reported. These data are compiled from death
certificates and sent by state health agencies to the NCHS.
The process of verifying and tabulating the data takes �2
years.

● National Heart, Lung, and Blood Institute (NHLBI)—An
institute in the National Institutes of Health in the US
Department of Health and Human Services. The NHLBI
conducts such studies as the following:

— Framingham Heart Study (FHS) (1948 to …) (ongoing)
— Honolulu Heart Program (HHP) (1965 to 1997)
— Cardiovascular Health Study (CHS) (1988 to …)

(ongoing)
— Atherosclerosis Risk in Communities (ARIC) study

(1985 to …) (ongoing)

— Strong Heart Study (SHS) (1989 to 1992; 1991 to 1998)
— The NHLBI also published reports of the Joint National

Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure and the Third Report
of the Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III, or ATP III).

● National Institute of Neurological Disorders and Stroke
(NINDS)—An institute in the National Institutes of Health
of the US Department of Health and Human Services. The
NINDS sponsors and conducts research studies such as
these:

— Greater Cincinnati/Northern Kentucky Stroke Study
(GCNKSS)

— Rochester (Minnesota) Stroke Epidemiology Project
— Northern Manhattan Study (NOMAS)
— Brain Attack Surveillance in Corpus Christi (BASIC)

Project

● Prevalence—An estimate of the total number of cases of a
disease existing in a population during a specified period.
Prevalence is sometimes expressed as a percentage of popu-
lation. Rates for specific diseases are calculated from periodic
health examination surveys that government agencies con-
duct. Annual changes in prevalence as reported in this
statistical update reflect changes in the population size.
Changes in rates can be evaluated only by comparing preva-
lence rates estimated from surveys conducted in different
years.

Note

In the data tables, which are located in the different disease
and risk factor categories, if the percentages shown are age
adjusted, they will not add to the total.

● Race and Hispanic origin—Race and Hispanic origin are
reported separately on death certificates. In this publica-
tion, unless otherwise specified, deaths of people of His-
panic origin are included in the totals for whites, blacks,
American Indians or Alaska Natives, and Asian or Pacific
Islanders according to the race listed on the decedent’s
death certificate. Data for Hispanic people include all
people of Hispanic origin of any race. See “Hispanic
origin” in this Glossary.

● Stroke (ICD-10 codes I60–I69)—This category includes
subarachnoid hemorrhage (I60); intracerebral hemorrhage
(I61); other nontraumatic intracranial hemorrhage (I62);
cerebral infarction (I63); stroke, not specified as hemor-
rhage or infarction (I64); occlusion and stenosis of prece-
rebral arteries not resulting in cerebral infarction (I65);
occlusion and stenosis of cerebral arteries not resulting in
cerebral infarction (I66); other cerebrovascular diseases
(I67); cerebrovascular disorders in diseases classified else-
where (I68); and sequelae of cerebrovascular disease (I69).

● Total cardiovascular disease (ICD-10 codes I00–I99, Q20–
Q28)—This category includes rheumatic fever/rheumatic
heart disease (I00–I09); hypertensive diseases (I10–I15);

*According to criteria established by the American Heart Association/
National Heart, Lung, and Blood Institute and published in Circulation
(Circulation. 2005;112:2735–2752).
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ischemic (coronary) heart disease (I20–I25); pulmonary heart
disease and diseases of pulmonary circulation (I26–I28);
other forms of heart disease (I30–I52); cerebrovascular dis-
ease (stroke) (I60–I69); atherosclerosis (I70); other diseases
of arteries, arterioles, and capillaries (I71–I79); diseases of
veins, lymphatics, and lymph nodes not classified elsewhere
(I80–I89); and other and unspecified disorders of the circula-
tory system (I95–I99). When data are available, we include
congenital cardiovascular defects (Q20–Q28).

● Underlying cause of death or any-mention cause of
death—These terms are used by the NCHS when defining
mortality. Underlying cause of death is defined by the
World Health Organization as “the disease or injury which
initiated the train of events leading directly to death, or the
circumstances of the accident or violence which produced
the fatal injury.” Contributing cause of death would be any
other disease or condition that the decedent may also have
had.
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Correction

In the article by Roger et al, “Heart Disease and Stroke Statistics—2011 Update: A Report From
the American Heart Association,” which published ahead of print on December 15, 2010, and
appeared in the February 1, 2011, issue of the journal (Circulation. 2011;123:e18–e209), a
correction is needed.

On page e100, in Chart 6–7, the y axis title “Incidence per 100,000” was missing. The chart
has been updated to include the y axis title.

This correction has been made to the current online version of the article, which is available at
http://circ.ahajournals.org/cgi/content/full/123/4/e18.

DOI: 10.1161/CIR.0b013e3182117650

(Circulation. 2011;123:e240.)
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Correction

In the article by Roger et al, “Heart Disease and Stroke Statistics—2011 Update: A Report From
the American Heart Association,” which published ahead of print on December 15, 2010, and
appeared in the February 1, 2011, issue of the journal (Circulation. 2011;123:e18–e209), several
corrections were needed.

1. On page e37, in the right column, first bullet point, the sentence read, “Thirty-five percent
of EMS-treated pediatric cardiac arrest patients . . ..” It has been changed to read, “Seven
percent of EMS-treated pediatric cardiac arrest patients . . ..”

2. On page e41, in the right column, first bullet, the last sentence read, “The 1.1 million
hospitalizations for CHF amounted to nearly $29 billion in hospital charges.68” It has been
changed to read, “The 1.1 million hospitalizations for CHF amounted to nearly $29 billion
in hospital charges.69”

3. On page e44, in the left column, reference 68 read,
68. Russo CA, Ho K, Elixhauser A. Hospital Stays for Circulatory Diseases, 2004. HCUP

Statistical Brief 26. Rockville, Md: Agency for Healthcare Research and Quality;
February 2007. Available at: http://www.hcupus.ahrq.gov/reports/statbriefs/sb26.pdf.
Accessed September 27, 2010.

The reference has been changed to read, “Deleted post-production.”

These corrections have been made to the current online version of the article, which is available
at http://circ.ahajournals.org/cgi/content/full/123/4/e18.
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