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BACKGROUND: Although historical trends before 1998 demonstrated improvements in mortality caused by pulmonary embo-
lism (PE), contemporary estimates of mortality trends are unknown. Therefore, our objective is to describe trends in death
rates caused by PE in the United States, overall and by sex-race, regional, and age subgroups.

METHODS AND RESULTS: We used nationwide death certificate data from Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research to calculate age-adjusted mortality rates for PE as underlying cause of
death from 1999 to 2018. We used the Joinpoint regression program to examine statistical trends and average annual per-
cent change. Trends in PE mortality rates reversed after an inflection point in 2008, with an average annual percent change
before 2008 of —4.4% (-5.7, =3.0, P<0.001), indicating reduction in age-adjusted mortality rates of 4.4% per year between
1999 and 2008, versus average annual percent change after 2008 of +0.6% (0.2, 0.9, P<0.001). Black men and women had
approximately 2-fold higher age-adjusted mortality rates compared with White men and women, respectively, before and
after the inflection point. Similar trends were seen in geographical regions. Age-adjusted mortality rates for younger adults
(25-64 years) increased during the study period (average annual percent change 2.1% [1.6, 2.6]) and remained stable for older
adults (>65 years).

CONCLUSIONS: Our study findings demonstrate that PE mortality has increased over the past decade and racial and geo-
graphic disparities persist. Identifying the underlying drivers of these changing mortality trends and persistently observed
disparities is necessary to mitigate the burden of PE-related mortality, particularly premature preventable PE deaths among
younger adults (<65 years).
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embolic disease that causes significant mor-

bidity and mortality. PE represents the third
most common cause of cardiovascular death after
myocardial infarction and stroke,! though accurate
estimates of the national burden of mortality caused
by PE are limited. Historical trends between 1979
and 1998 demonstrated improvements in mortal-
ity caused by PE.? While significant advances in
the prevention, diagnosis, and management of PE
have occurred in the past 2 decades, including

Pulmonary embolism (PE) is a venous thrombo-

direct-acting oral anticoagulants, catheter-directed
thrombolysis, and expanded use of inpatient and
postoperative prophylaxis, it is unknown whether
these advances have led to continued improve-
ments in mortality from PE and whether death rates
from PE are heterogeneous across demographic
and geographic regions. Therefore, our objective is
to describe contemporary trends in death rates from
PE in the United States from 1999 to 2018, as well
as to examine mortality trends by sex-race, regional,
and age subgroups.
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METHODS

All data are publicly available, and analytic methods
used in the study are available from the corresponding
author upon request. We used data from the Centers for
Disease Control and Prevention Wide-Ranging Online
Data for Epidemiologic Research, which captures death
certificates for all US residents. We identified death
certificates listing PE as the underlying cause of death
using International Classification of Diseases, 10th revi-
sion (ICD-10), code 126, for adults age 25 years and older
(based on age groupings provided by the Centers for
Disease Control and Prevention) from January 1, 1999
to December 31, 2018. We calculated age-adjusted
mortality rates (AAMR) per 100 000 population using
the standard US population age distribution for the year
2000. We examined mortality rates overall, as well as
by sex-race (Black and White men and women), census
regions (Northeast, Midwest, South, and West), county-
level urbanization, and age subgroups. We excluded
ages 18 to 25 years based on Centers for Disease
Control and Prevention groupings by decade and were
not able to include reliable race/ethnic-specific estimates
other than Black and White because of small numbers
(eg, Native American) or lack of reliably disaggregated
coding (Asian/Pacific Islander, Hispanic).

We used the Joinpoint regression statistical soft-
ware program (National Cancer Institute) to examine
trends in mortality related to PE. The Joinpoint pro-
gram uses serial permutation tests to analyze repeated
time-trends and identify up to 1 inflection point where
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the rate of change of mortality is statistically signifi-
cantly different (P<0.05). Joinpoint subsequently cal-
culates the weighted average annual percent change
(APC) for each time segment in the AAMR with 95%
Cls.® The AAMR describes the mortality rates, while
APC describes the slope of change over time.

We conducted a secondary analysis using all na-
tionwide death certificates listing PE as a contributing
cause of death, rather than just the underlying cause
of death, in order to more broadly characterize the bur-
den of PE-related mortality. Specifically, this includes
deaths where PE was the underlying cause of death as
well as deaths in which PE may have contributed but
was not considered the proximate cause of death. The
metrics of AAMR and APC were calculated as previ-
ously described, for deaths with any mention of PE on
death certificates. We then examined trends in all PE-
related mortality overall, and by sex-race subgroups.
This study was determined to be exempt from review
by the institutional review board at our institution.

RESULTS

Between 1999 and 2018, there were 159 572 deaths
attributed to PE as an underlying cause of death in the
primary analysis. AAMR attributed to PE experienced
an inflection point in 2008, with AAMR of 5.0, 3.4, and
3.5 per 100000 people in 1999, 2008, and 2018, re-
spectively (Table 1). Trends in mortality rates attributed
to PE reversed after the inflection point, as illustrated

Table 1. Trends in Age-Adjusted Mortality Rates for Pulmonary Embolism as Underlying Cause of Death, Overall and by

Sex-Race and Geographical Subgroups, 1999 to 2018

1999 2008 2018 1999-2008 2008-2018
AAMR AAMR AAMR APC (95% ClI) APC (95% ClI)
Overall 5.0 3.4 3.5 -4.4% (-5.7, -3.0) 0.6% (0.2, 0.9)
Sex-race groups
Black women 9.1 5.9 6.2 -5.1(-6.4,-3.7) 0.2 (-0.6, 1.0)
White women 47 3.3 3.1 -3.9(-5.0,-2.7) 0.1 (-0.5,0.7)
Black men 9.9 6.4 6.9 -4.5(-6.1, -2.9) 0.6 (0.0, 1.3)
White men 4.7 3.2 3.5 -4.2 (-5.6, -2.8) 1.3(0.6, 2.0
Age groups
25t0 64y 1.9 1.5 1.8 3.7 (-5.2, -2.1) 21 (1.6, 2.6)
>65y 17.9 11.3 10.7 -4.6 (-6.0, -3.1) 0.3(-0.7,0.2)
Geographical census regions
Northeast 4.3 2.8 2.8 -4.8(-6.2, -3.4) 0.3(-0.4,0.9)
Midwest 5.8 3.8 3.9 -4.2 (-5.7,-2.8) 0.4 (-0.0, 0.8)
South 5.9 43 43 —3.4(-4.8, -2.1) 0.4 (-0.0, 0.9)
West 3.4 2.2 2.3 —47 (-6.1,-3.3) 1.2 (0.4, 2.0)
County-level urbanization
Urban 47 3.2 3.2 -4.4(-5.5,-3.2) 0.3(-0.2,0.7)
Rural 6.5 47 5.0 -3.4 (-4.7,-2.) 1.2 (0.3, 1.2)

AAMR indicates age-adjusted mortality rate, expressed as deaths/100 000 population; and APC, average annual percent change.
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by APC of -4.4% (95% Cl -5.7% to —-3.0%) before
2008 (indicating a reduction in the AAMR of 4.4% per
year from 1999 to 2008), compared with an APC of
+0.6% (0.2%-0.9%) from 2008 to 2018, as shown in
Figure 1. Across the study period, Black men had the
highest AAMR, and Black men and women had higher
AAMR because of PE compared with White men and
women, respectively (Table 1). For all sex-race groups,
the decreasing mortality rates seen from 1999 to 2008
reversed from 2008 to 2018, and either increased or
became stagnant.

When examining mortality rates by geographical
areas, AAMRs were highest in the South region, com-
pared with the Midwest, Northeast, and West across
the study period (Table 1, Figure S1). In 1999, AAMR in
the South region was 5.9, compared with AAMR of 5.8,
4.3, and 3.4 per 100 000 in the Midwest, Northeast,
and West, respectively. In 2018, AAMR in the South
was 4.3, compared with AAMR of 3.9, 2.8, and 2.3
per 100 000 population in the Midwest, Northeast,
and West, respectively. APC mortality plateaued in the
last decade across all census regions, with APC rang-
ing from —=3.4% (-4.8% to —2.1%) to -4.8% (-6.2% to
—-3.4%) from 1999 to 2008, compared with +0.3 (-0.4%
to 0.9%) to +1.2% (0.4%—-2.0%) from 2008 to 2018.

When analyzed by county-level urbanization, rural
settings had higher rates of AAMR compared with
urban settings across the study period (Table 1).
In 1999, AAMR in rural settings was 6.5, compared
with 4.7 per 100 000 population for urban settings.
Similarly, in 2018, AAMR in rural settings was 5.0,
compared with 3.2 per 100 000 population for urban
settings (Figure S2). Again, reversal of APC was ob-
served across the study period in both urban and
rural settings, with APC decreasing in the first decade,
compared with a plateau or rising after 2008. Notably,
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APC was higher in rural settings compared with urban
settings from 2008 to 2018 (APC 1.2% [0.3%-1.2%)]
versus 0.3% [-0.2% to 0.7%), respectively).

Older adults (ages >65 years) had higher abso-
lute AAMR attributed to PE compared with younger
adults (ages 25-64) across the study period (Table 1,
Figure S3). However, younger adults, who comprised
~36% of all deaths, experienced a greater relative
change in mortality from PE, with APC of +2.1%
(1.6%-2.6%) from 2008 to 2018 compared with
-3.7% (-5.2% to -2.1%) from 1999 to 2008. Older
adults had a plateau in mortality trends from PE over
the study period, with APC of +0.3% (—0.7% to 0.2%)
for 2008 to 2018 compared with —4.6% (-6.0% to
-3.1%) from 1999 to 2008. In younger adults, all sex-
race groups showed reversal of trend from decreas-
ing AAMR from 1999 to 2008 (APC -2.6% to —5.0%
across sex-race groups) to plateau or increase in
AAMR from 2008 to 2018 (APC +1.0%-2.3% across
sex-race groups). Similarly, in older adults, APC pla-
teaued across all sex-race groups from 2008 to 2018
(-0.6% to 0.5% across sex-race groups) compared
with 1999-2008 (-4.7% to —5.1%).

In the secondary analysis, using data whereby PE
was included as any mention on the death certifi-
cate as an underlying or contributing cause of death,
we identified 586 288 deaths between 1999 and
2018. We found that the inflection point identified
by Joinpoint occurred in 2013. As shown in Table 2,
stagnant trends in APC were again observed in the
latter part of the study period, with APC of -0.4%
(-0.6% to —0.2%) from 1999 to 2013, compared with
+1.3% (+0.9%-1.7%) from 2013 to 2018. Similarly,
Black-White disparities in AAMR persisted when the
data were analyzed using all death certificates with
any mention of PE, with AAMR for Black men and

A PE as underlying cause of death
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Figure 1. Trends in age-adjusted mortality rates related to PE, overall and stratified by sex-race groups in the United

States, 1999 to 2018.

(A) PE as underlying cause of death; (B) PE-related death (underlying and contributing causes of death). PE indicates pulmonary embolism.
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Table 2. Trends in Age-Adjusted Mortality Rates Overall and by Sex-Race Groups for Any Mention of Pulmonary Embolism

as Cause of Death (Underlying or Contributing), 1999 to 2018

Trends and Disparities in PE Mortality

1999 2013 2018 1999-2013 2013-2018
AAMR AAMR AAMR APC (95% ClI) APC (95% ClI)
Overall 14.2 13.5 14.4 -0.4 (-0.6, -0.2) 1.3(0.9,1.7)
Sex-race groups
Black women 23.9 21.3 225 -1.0 (-1.3, -0.7) 1.1(0.0, 1.7)
White women 12.7 12.2 12.8 -0.4 (-0.6, -0.2) 1.2 (0.6, 1.8)
Black men 28.0 25.2 26.1 -0.8 (-1.1, -0.6) 0.9(-0.8,2.5)
White men 141 137 14.8 -0.2 (-0.5, 0.0) 1.4 (04,24

AAMR indicates age-adjusted mortality rate, expressed as deaths per 100 000 population; and APC, average annual percent change.

women higher (26.1 and 22.5/100 000) than those
for White men and women (14.8 and 12.8/100 000)
in 2018 (Table 2).

DISCUSSION

Our findings provide contemporary nationwide estimates
of trends in PE mortality over the past 18 years. Death
rates from PE are increasing in adults over the past dec-
ade, reversing the decreasing trend from the prior dec-
ade. Notably, we saw this reversing trend, demonstrated
by increasing APC, across all sex-race, regional, and age
subgroup analyses. While White men had the highest
APC increase, the magnitude of AAMR for Black men
and women was consistently higher than that for White
men and women throughout the study period.

While historically, annual deaths from PE have been
estimated to be =100 000, this number was extrapo-
lated using the incidence of PE and applying historical
case fatality rates, rather than using measured deaths.*
Our study uses direct measures of mortality, and the
data are consistent with estimates of annual PE-related
mortality for 2017 published by the American Heart
Association.® In addition, these data are also consis-
tent with recent reports demonstrating increased rates
of hospitalization for PE.6-8

The causes for the trends in PE-attributable mor-
tality remain unclear, and may be related to either
increasing incidence, increased recognition and di-
agnosis, and/or increasing case fatality rate from PE.
Prior reports indicate that case fatality is improving,
suggesting that the change in incidence or diagnosis
is more likely the cause.® While it has been hypothe-
sized that the increase in diagnosis of and admission
for PE may be related to increased awareness and
greater diagnostic bias with increased use of com-
puted tomography scans,®® the use of computed
tomography scans had already increased signifi-
cantly by the mid-2000s, and is unlikely to account
for the reversing trend in the second decade of our
study period. The growing burden of obesity, which
has been hypothesized to be contributing to wors-
ening cardiovascular mortality, may be contributing
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to increases in PE-related AAMR as well.' While our
de-identified, cross-sectional data are not able to
address these causal questions, prior observational,
longitudinal studies have demonstrated an associa-
tion between obesity and cardiovascular health with
PE." Prevalence of obesity and poor cardiovascu-
lar health is disproportionately higher among Black
adults, in the southern United States, and in rural
regions, and may contribute to the observed het-
erogeneity in death rates across subgroups. While
prior data have demonstrated Black-White dispari-
ties in the incidence of PE,'? it is unknown whether
our data showing consistently higher AAMR for Black
adults compared with White adults are based on dif-
ferences in the national incidence or in case fatality
rates in the absence of a national surveillance system
for cardiovascular diseases, including PE.

Premature preventable deaths from PE among
younger and midlife adults (age 25-64 years) in-
creased ~23% over the second half of the study pe-
riod between 2008 and 2018. The rise in PE-mortality
rates parallels the rise rates in all-cause mortality in
young and midlife adults as shown by Woolf et al.'®
The authors hypothesize that factors contributing
to rising all-cause mortality in midlife adults include
deficiencies in healthcare systems, psychological
distress, and socioeconomic pressures,'® which are
factors that may also contribute to mortality related
to specific conditions, such as PE.

Strengths of the study include the use of a national
data set capturing all death certificates in the United
States. In addition, we leveraged the multiple cause of
death files to allow for broader estimation of burden
of mortality with any mention of PE in our secondary
analysis. This is especially important because PE fre-
quently contributes more proximately to death in other
clinical conditions, such as to malignancy, which may
be classified as underlying cause of death. We also
had a large enough sample size to examine trends
in sex-race, geographical, and age subgroups in PE
death rates. Limitations of our study include the use
of death certificate data, which may be inaccurate if
miscoded.
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In conclusion, identifying the underlying drivers of
these changing mortality trends and persistently ob-
served disparities is necessary to mitigate the burden
of PE-related mortality, particularly premature prevent-
able deaths in younger adults (<65 years).
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Figure S1. Trends in age-adjusted mortality rates
related to pulmonary embolism, stratified by
geographical census region, in the United States, 1999-
2018
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Figure S2. Trends in age-adjusted mortality rates
related to pulmonary embolism, stratified by county-
level urbanization, in the United States, 1999-2018
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Figure S3. Trends in age-adjusted mortality rates
related to pulmonary embolism, stratified by age
group, in the United States, 1999-2018
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