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The National Heart, Lung, and Blood Institute
(NHLBI) provides global leadership for a research, training,
and education program to promote the prevention and
treatment of heart, lung, and blood diseases and sleep
disorders to enhance the health of all individuals so that
they can live longer and more fulfilling lives [1]. Although
the majority of research funded by the NHLBI is conducted
in the United States (U.S.), the NHLBI works in collabo-
ration with the Fogarty International Center and other
Institutes, Centers, and Offices at the National Institutes of
Health to support and advance health research abroad,
especially in low- and middle-income countries [2]. The
NHLBI commitment to global health research efforts such
as the Centers of Excellence Global Health Initiative [3,4]
and the Medical Education Partnership Initiative [5,6]
that help to advance training and research capacity devel-
opment in low- and middle-income countries is well-
recognized. However, less recognized is what the U.S.
can gain from global health research.

As pointed out by Glass [7], many health interventions
developed and tested in other countries through NHLBI
and other National Institutes of Health research support
may provide important lessons for improving the health of
U.S. residents. For example, the use of cell phones in
Kenya and Haiti to improve medication adherence and
overall health access for rural populations has been
explored for improving adherence in low-resource and
underserved settings in the U.S. [8,9]. Similarly, interven-
tion strategies that have been effective in other high-income
countries may prove useful in addressing the U.S. health
disadvantage relative to peer high-income countries [10].
To stimulate this type of global health research with a
potential to inform dissemination and implementation
research to improve health in the U.S. aligned with the
NHLBI Strategic Vision [11], we present the current status
of the burden and trends of heart, lung, and blood diseases
for the period 1990 to 2016.

In presenting these burden and trend data, we have
used the most current, objective, internally consistent and
comparable data from the GBD 2016 (Global Burden of
Disease) study [12-17]. The GBD 2016 study encompasses
333 diseases and illnesses, 2,982 sequelae, and 84 risk
factors across 195 country groups, sex groups, and mul-
tiple age groups. Since its initial publication in 1997, the
GBD data have been increasingly used to inform decision-
making processes by governments (e.g., United Kingdom,
China, Rwanda, Botswana) and nongovernmental global
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organizations such as the World Health Organization, The
World Bank, and the Bill and Melinda Gates Foundation
[18,19]. However, GBD data have not been formally used
to inform global health research in heart, lung, and blood
diseases.

OBJECTIVE
In this perspective, our main objective is to describe the
burden, risk factors, and trends of heart, lung, and blood
diseases in the U.S. for the period of 1990 to 2016 using
the data from the GBD 2016 study findings with appro-
priate comparisons to peer high-income countries and the
burden and trends at the global level. We propose that the
data detailed be used as part of the spectrum of data on the
burden of diseases and risk factors to inform evidence-
based global health research in NHLBI mission areas [1].
For example, NHLBI staff, research investigators, and
grantees could use this data: 1) to support future stew-
ardship decisions, and 2) to identify opportunities in
dissemination and implementation research of global best
practices in tackling heart, lung, and blood diseases.
Ideally, when health metrics are available for sleep disor-
ders in future GBD estimates, they may also be used in
stewardship decisions.

METHODOLOGY
Data on disease burden and risk factors were retrieved from
the Global Health Data Exchange of the Institute for Health
Metrics and Evaluation (IHME) at the University of
Washington [20]. Detailed descriptions of the IHME’s data
collection methodology have been published previously
[12,15]. For the risk factor analysis, we included only the
10 leading risk factors in the U.S. as identified by Murray
et al. [21]. The burden of disease metrics used include
deaths, years of life lost (YLLs), years lost to disability
(YLDs), and disability adjusted life years (DALYs) (which is
the summation of YLLs and YLDs). Each metric is calcu-
lated from causes related to heart, lung, and blood diseases,
which are listed in Table 1 and are further explained below.

In the IHME’s GBD 2016 study methodology, causes
of disease burden form a mutually exclusive, collectively
exhaustive framework, which has 4 hierarchical levels that
increase in granularity. The broadest level (Level 1) has 3
categories: Communicable, maternal, neonatal, and nutri-
tional diseases; Non-communicable diseases; and Injuries
[12]. Level 1 further expands from 3 to 21, 166, and 261
349
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TABLE 1. GBD 2016 study causes of death related to heart, lung,

and blood diseases

Heart Disease

Level 3 Level 4

Rheumatic heart disease

Ischemic heart disease

Hypertensive heart disease

Cardiomyopathy and

myocarditis

Myocarditis

Alcoholic cardiomyopathy

Other cardiomyopathy

Atrial fibrillation and flutter

Aortic aneurysm

Peripheral vascular disease

Endocarditis

Other cardiovascular and

circulatory diseases

Lung Diseases

Level 3 Level 4

Chronic obstructive

pulmonary disease

Pneumoconiosis

Silicosis

Asbestosis

Coal workers

pneumoconiosis

Other pneumoconiosis

Asthma

Interstitial lung disease and

pulmonary sarcoidosis

Other chronic respiratory

diseases

Blood Diseases

Level 3 Level 4

Hemoglobinopathies and

hemolytic anemias

Thalassemias

Thalassemia trait

Sickle cell disorders

Sickle cell trait

G6PD deficiency

G6PD trait G

Other hemoglobinopathies

and hemolytic anemias

Endocrine, metabolic, blood,

and immune disorders

G6PD, glucose-6-phosphate dehydrogenase deficiency; GBD, Global
Burden of Diseases.

TABLE 2. Heart, lung, blood collective burden in United States,

1990e2016

1990

Estimate

2016

Estimate 2016 95% CI

Deaths

Heart 765,842 724,215 683,034e766,092

Lung 101,555 190,691 176,780e202,898

Blood 11,085 29,236 20,509e32,120

Total 878,482 944,142 880,324e1,001,112

YLLs

Heart 11,633,133 10,402,231 9,757,843e11,021,405

Lung 1,699,310 2,829,534 2,611,363e3,010,760

Blood 316,330 655,607 496,105e711,021

Total 13,648,774 13,887,371 12,865,311e14,743,187

YLDs

Heart 846,805 1,259,588 877,287e1,728,857

Lung 1,233,344 1,848,940 1,484,415e2,233,467

Blood 206,281 283,192 189,385e401,259

Total 2,286,429 3,391,720 2,551,088e4,363,583

CI, confidence interval; YLDs, years lost to disability; YLLs, years of
life lost.
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causes, respectively [12]. Of these causes, we identified 30
that are shown in Table 1 (16 from Level 3 and 14 from
Level 4) that are related to NHLBI’s disease portfolio and
constitute the causes used to assess deaths, death rates,
YLLs, YLDs, and DALYs for heart, lung, and blood diseases.
RESULTS
In 2016, heart, lung, and blood diseases collectively caused
994,142 deaths (34% of all deaths) 13,887,371 YLLs
(28%), and 3,391,720 YLDs (8%) in the U.S. (Table 2).
The degree of uncertainty around the estimates is repre-
sented by the confidence intervals in Table 2. In contrast,
the corresponding percentages from heart, lung, and blood
diseases in the U.S. in 1990 were 41% of deaths, 30% of
YLLs, and 7% of YLDs. Figure 1 shows the comparisons
between 1990 and 2016. Comparing age-standardized
rates per 100,000 residents, the 1990 rates were 296
deaths and 5,690 DALYs, while in 2016 they were 187 and
3,918, respectively. The percentage composition of DALYs
also changed. In the U.S. in 1990, the rate of DALYs was
composed of 86% YLLs and 14% YLDs. In 2016, the
percentage of YLDs increased to 20% and YLLs to 80%.
Figure 2B shows the percentage composition of DALYs
across 3 locations. Thus, mortality rates for heart, lung, and
blood diseases fell by 37% and DALY rates by 46% in the
U.S. between 1990 and 2016. Figures 1 and 2 show
additional comparisons for 1990 and 2016.

We also compared the U.S. to peer high-income
countries and all countries (global data). Heart, lung, and
GLOBAL HEART, VOL. 12, NO. 4, 2017
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FIGURE 1. The percentage of deaths, years of life lost (YLLs) and years lived with disability (YLDs) in the United States
in 2016 compared with 1990. Source of data: GBD Results tool (http://ghdx.healthdata.org/gbd-results-tool).
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blood diseases in high-income countries caused 31% of
deaths, 25% of YLLs, and 8% of YLDs in 2016. Globally,
the corresponding percentages were 29% of deaths, 18% of
YLLs, and 8% of YLDs in 2016. Using age-standardized
rates per 100,000, high-income countries had 143 deaths
and 2,905 DALYs in 2016. In 1990, high-income countries
had 266 deaths and 4,946 DALYs rates per 100,000 citi-
zens. Therefore, high-income countries saw a decrease in
mortality rates by 46% and DALY rates by 41% between
1990 and 2016. The U.S. continues to lag behind peer
high-income countries in heart, lung, and blood mortality
rate decline over the period of interest, although mortality
rates have been declining in all high-income countries.
Figure 3 shows the aggregate trends for the U.S., high-
income countries, and the global data and further dem-
onstrates the U.S. mortality disadvantage in comparison to
the data from high-income countries. In fact, the mortality
rate difference between the U.S. and high-income countries
has widened since 1990 (Figure 3).
HEART DISEASES
In 2016, heart diseases were responsible for 26% of deaths,
21% of YLLs, and 3% of YLDs in the U.S. Most of this
burden was due to ischemic heart disease (IHD), which
was responsible for 75% of deaths and 68% of DALYs
within the heart disease burden. No other single cause
contributed more than 10% of the heart disease burden.
The next largest causes were hypertensive heart disease at
6% of both deaths and DALYs, and cardiomyopathy and
myocarditis at 4% of deaths and 6% of DALYs in the U.S.
in 2016 (Table 3).

The age-standardized rates of heart disease per
100,000 population in the U.S. in 2016 were 142 deaths
and 2,578 DALYs. In 1990, the age-standardized rates in
the U.S. were 258 deaths and 4,416 DALYs. The compo-
sition of DALYs also changed. In 1990, the rate of DALYs
was composed of 7% YLDs and 93% YLLs, while in 2016
GLOBAL HEART, VOL. 12, NO. 4, 2017
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they were 11% and 89%, respectively. Thus, heart dis-
easeerelated mortality rates declined by 45% and DALYs
by 42% in the U.S. between 1990 and 2016. Mortality rates
decreased for all heart disease between 1990 and 2016. The
overall decline in heart disease was due mainly to ischemic
heart disease. The U.S. rate of ischemic heart disease fell by
50% from 1990 to 2016. However, not all DALY rates fell.
For example, the rate of DALYs increased for atrial fibril-
lation and flutter (14%) and hypertensive heart disease
(7%) during the period of 1990 to 2016.

High-income countries had age-standardized rates per
100,000 population of 112 deaths and 1,930 DALYs in
2016, with the largest burden attributed to ischemic heart
disease at 80%. The rates of death and DALYs were 20%
and 25% lower, respectively, in high-income countries
than in the U.S. Ischemic heart disease played a large role
in this gradient. The mortality rate for ischemic heart dis-
ease was 25% higher in the U.S. than in peer high-income
countries. Figure 4 shows the trends in age-standardized
rates of DALYs for the U.S., high-income countries, and
at the global level and further demonstrates the U.S.
disadvantage in comparison to peer high-income countries.
LUNG DISEASES
In 2016, lung diseases caused 7% of deaths, 6% of YLLs,
and 4% of YLDs in the U.S. The largest cause of burden
within lung diseases was chronic obstructive pulmonary
disease, which was responsible for 86% of deaths and 75%
of DALYs of the totals for lung diseases. The second largest
cause of death was interstitial lung disease and pulmonary
sarcoidosis at 10%. The second largest cause of DALYs was
asthma at 15%. The rates of lung disease deaths per
100,000 population were 59 deaths and 1,449 DALYs in
the U.S. in 2016. All other lung diseaseerelated deaths,
YLLs, and YLDs in the U.S. in 2016 are shown in Table 4.
The composition of YLLs and YLDs in DALYs remained
relatively unchanged; in 1990, DALYs were composed of
351
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FIGURE 2. (A) The changing composition of deaths, years of life lost (YLLs), and years lost to disability (YLDs) across
heart, lung, and blood diseases in the U.S. (United States) in 1990 and 2016. Source of data: GBD Results tool (http://
ghdx.healthdata.org/gbd-results-tool). (B) The percentage composition of YLLs and YLDs within disability-adjusted life
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42% YLDs and 58% YLLs compared with 40% and 60%,
respectively, in 2016. Figure 2B shows the percentage
composition across 3 locations.

Compared with the U.S. in 1990, death and DALY
rates increased by 12% and 2% in 2016, respectively.
Compared with high-income countries in 2016, rates of
death in the U.S. were 32% higher and rates of DALYs were
28% higher (Figures 5A and 5B), again demonstrating
substantial U.S. health disadvantage in comparison to peer
high-income countries. Most importantly, Figure 5 dem-
onstrates that the age-standardized DALY rate for lung
diseases in high-income countries has been declining since
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FIGURE 4. (A) Trends in the rate of disability-adjusted
life years (DALYs) per 100,000 persons for all heart dis-
ease between 1990 and 2016 for the United States,
countries with high income, and the global level in 1990
and 2016. Source of data: GBD Results tool (http://ghdx.
healthdata.org/gbd-results-tool). (B) Trends in the rate of
mortality rates per 100,000 persons for all heart diseases
between 1990 and 2016 for the United States, countries
with high income (SDI), and the global level in 1990
and 2016. Source of data: GBD Results tool (http://ghdx.
healthdata.org/gbd-results-tool).
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1990 at a time when the rate in the U.S. was rising, leading
to a widening of the health gap between the 2.
TA
B
LE

4.
Lu
n
g
d
is
ea
se
e
re
la
te
d
d
ea
th
s,
YL
L

Le
ve
l
3

L

A
st
hm

a

C
h
ro
n
ic
o
b
st
ru
ct
iv
e

p
u
lm

on
ar
y
d
is
ea
se

In
te
rs
ti
ti
al

lu
n
g
d
is
ea
se

an
d

p
u
lm

on
ar
y
sa
rc
o
id
o
si
s

O
th
er

ch
ro
n
ic
re
sp
ir
at
o
ry

d
is
ea
se
s

Pn
eu

m
o
co
n
io
si
s

A
sb
es
to
s

C
o
al

w
o
r

p
n
eu

O
th
er

p
n

Si
lic
o
si
s

To
ta
l
lu
n

A
b
b
re
vi
at
io
n
s
as

in
Ta
b
le

2.
BLOOD DISEASES
In 2016, blood diseases were responsible for approximately
1% of deaths, 1% of YLLs, and 1% of YLDs in the U.S.
About 90% of this burden was due to a categorical cause,
“endocrine, metabolic, blood, and immune disorders,”
which includes dozens of ICD-10 codes such as, acquired
hemolytic anemia, methemoglobinemia, Cushing’s syn-
drome, and other myopathies. The age-adjusted rates of
death and DALYs per 100,000 caused by blood diseases in
the U.S. in 2016 were 6.5 deaths and 250 DALYs. The
percentage composition of DALYs changed from 39% and
GLOBAL HEART, VOL. 12, NO. 4, 2017
December 2017: 349-358

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool


Global
High-income
United States

Global
High-income
United States

A

B

1990 1995 2000 2005 2010 2016
0

500

1000

1500

2000

2500

DA
LY

s p
er

 1
00

,0
00

Year

1990 1995 2000 2005 2010 2016
Year

0

20

40

60

80

100

120

M
or

ta
lit

y 
pe

r 1
00

,0
00

FIGURE 5. (A) Trends in the rate of disability-adjusted
life years (DALYs) per 100,000 persons for all lung cau-
ses between 1990 and 2016 for the United States,
countries with high income, and the global level in 1990
and 2016. Source of data: GBD Results tool (http://ghdx.
healthdata.org/gbd-results-tool). (B) Trends in the rate of
mortality rates per 100,000 citizens for all lung diseases
between 1990 and 2016 for the United States, countries
with high income, and the global level in 1990 and 2016.
Source of data: GBD Results tool (http://ghdx.healthdata.
org/gbd-results-tool).
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61% YLDs and YLLs in 1990, to 30% YLDs and 70% YLLs
in 2016. Figure 2B shows the percentage composition
across 3 locations. Both rates have increased in the U.S.
since 1990, by about 3 deaths and 50 DALYS per 100,000
citizens (Table 5). The burden of blood disease is also
higher in the U.S. than in high-income countries. There are
3 more deaths and 70 more DALYs per 100,000 in the U.S.
than in high-income countries (Figure 6). In addition,
the age-standardized rate of DALYs for the U.S. rose
consistently during the period of 1990 to 2005 and then
stabilized thereafter, whereas it remained unchanged in
high-income countries throughout the period of interest.
GLOBAL HEART, VOL. 12, NO. 4, 2017
December 2017: 349-358
RISK FACTORS
The GBD 2016 study uses risk-outcome pairs to evaluate
attributable risk from selected factors. The overall study
includes 84 risk factors, which created 481 risk-outcome
pairs. We examined the 10 largest risk factors as identi-
fied in Murray et al. [21]. Comparing these risk factors
with the heart, lung, and blood diseases identified, we
found 51 pairs that measure attributable risks. Figure 7
shows the magnitude of deaths in the U.S. attributed to
these risk factors. Dietary risks constituted the largest risk
factor, with 380,647 attributable deaths. The second
highest was high systolic blood pressure with 348,770
attributable deaths.

The GBD 2016 study noted an increase in the risk of
alcohol use, stating it was among the leading global risk
factors, especially in Eastern Europe and Central Asia [16].
However, the impact of alcohol use in heart, lung, and
blood disorders in the U.S. in 2016 had a confidence in-
terval that included 0. The low estimate was negative,
suggesting alcohol use had a protective effect on U.S.
health, while the high estimate was positive. For the 30
causes that we examined, alcohol use was part of a risk-
outcome pair for 4: atrial fibrillation and flutter, hyper-
tensive heart disease, cardiomyopathy and myocarditis,
and IHD. As stated in the GBD 2016 study, alcohol has
been shown to have a protective effect for IHD. The pro-
tective effect of alcohol use on IHD was larger in absolute
terms than the adverse effects of alcohol use on atrial
fibrillation and flutter and hypertensive heart disease. Thus
the aggregate effect was protective. It should be noted that,
given lack of certainty on the health impacts of low levels
of alcohol consumption, GBD reports a wide uncertainty
interval for IHD due to alcohol use. This wide uncertainty
is a result of the GBD approach of estimating a dose
response curve for relative risk due to alcohol and
including uncertainty in the estimation of both relative
risk, alcohol exposure, and cardiovascular disease burden.
DISCUSSION
Heart, lung, and blood diseases continue to be major
causes of disease burden, accounting for over one-third of
deaths and about one-fifth of DALYs in the U.S. in 2016.
Since 1990, the burden of heart, lung, and blood diseases
in the U.S. has declined. Mortality rates fell by 37% during
this period, driven primarily by declines in age-adjusted
rates of death from heart diseases, which accounted for
77% of all heart, lung, and blood deaths, and fell by 44%
relative to 1990. In particular, the 50% decline in ischemic
heart disease was especially important in lowering overall
death rates. However, noting the trend line in Figure 4, the
downward trend in heart diseases appears to be deceler-
ating since 2010 in both the U.S. and high-income coun-
tries. This finding is consistent with the observation
previously made by Sidney et al. [22].

Lung and blood diseases did not show the dramatic
declines in age-adjusted mortality rates seen in heart
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FIGURE 6. (A) Trends in the rate of disability-adjusted life
years (DALYs) per 100,000 persons for all blood causes
between 1990 and 2016 for the United States, countries
with high sociodemographic index (SDI), and the global
level in 1990 and 2016. Source of data: GBD Results tool
(http://ghdx.healthdata.org/gbd-results-tool). (B) Trends
in the rate of mortality rates per 100,000 persons for all
blood diseases between 1990 and 2016 for the United
States, countries with high SDI, and the global level in
1990 and 2016. Source of data: GBD Results tool (http://
ghdx.healthdata.org/gbd-results-tool).
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diseases. Lung diseases accounted for 20% of the U.S.
deaths in 2016 and saw an age-adjusted decrease of 4%
compared with rates in 1990. The difference in the age-
adjusted rates of death and DALYs for lung disease be-
tween the U.S. and high-income countries has also
increased, reflecting a U.S. health disadvantage in com-
parison to these peer high-income countries. Blood dis-
eases in the U.S. have had an increase in age-standardized
rates since 1990. This increase was seen mainly from 1990
to 2005. Since then, age-adjusted rates remained stable.
Examination of absolute rates shows that the burden of
GLOBAL HEART, VOL. 12, NO. 4, 2017
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blood disease has increased, from 208 to 290 DALYs per
100,000, from 1990 to 2016. This increase has been
steeper than that observed in high-income countries.
These findings provide an opportunity for global health
research to understand the primary drivers of the trends
and to explore research opportunities for interventions to
reduce or eliminate the disadvantage.
Study Limitations
Our review has several limitations. First, we lacked access
to subnational data, especially data from population sub-
groups and geographic locations. For example, data on
race and/or ethnicity would have been invaluable [23,24].
Similarly, data for geographic location, such as the state or
county level [25,26], made available through the GBD re-
sults tool, would also have been very informative. These
additional data are likely to be available in future iterations
of the GBD. Second, the analysis of blood diseases was
limited by the categorical causes available in the GBD 2016
dataset. The disaggregation of “endocrine, metabolic,
blood, and immune disorders” would have improved the
analysis and likely shed more light on blood disease
burden and trends. Third, sleep disorders are within the
purview of NHLBI, yet the GBD 2016 study did not
include any measures of sleep as a cause of death, DALYs,
or as a risk factor. Adding sleep disorders to the GBD
dataset as either risk factors or causes would improve the
completeness of future measures. For example, insomnia,
hypersomnia, and obstructive sleep apnea have ICD-10
GLOBAL HEART, VOL. 12, NO. 4, 2017
December 2017: 349-358
codes and could be included as causes of disability or
mortality in future GBD iterations. Finally, there were 51
pairs of risk outcomes in heart, lung, and blood diseases in
the risk factor analysis. Additional heart, lung, and blood
diseases risk-outcome pairs would also likely yield a more
informative analysis.
CONCLUSIONS
Diseases of the heart remain the leading cause of death in the
U.S. and collectively, heart, lung, and blood diseases
contribute nearly one-third of all deaths and years of life lost
prematurely. During the period of 1990 to 2016, the U.S.
experienced substantial declines in the age-adjusted death
rates from heart disease, although the magnitude of the
decline was lower than seen in peer high-income countries,
revealing a continuing U.S. health disadvantage. During that
same period, mortality and disease burden declined only
slightly for lung disease and increased for blood diseases in
the U.S., while they remained unchanged or mildly
improved in peer high-income countries. These are impor-
tant differences that remain unexplained.

We believe the U.S. has a lot to gain from global health
research that explores the principal drivers that underlie
differences in health metrics for heart, lung, and blood
diseases demonstrated between the U.S. and peer high-
income countries. We hope that these findings will
stimulate efforts to leverage the emerging science and
capabilities of big data to improve U.S. burden of disease
assessment through expanded and more granular
357
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subnational data collection and analysis to guide research
efforts. The ever-increasing granularity of health metrics
analyses with each successive GBD study suggests that this
task is feasible [18]. We also hope that these findings will
galvanize global health research that leads to new knowl-
edge discovery to help tackle the continuing health
disadvantage in the U.S. observed for heart, lung, and
blood diseases.
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