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Summary
Background Pulmonary embolism (PE)-related mortality is decreasing in Europe. However, time trends in the USA and 
Canada remain uncertain because the most recent analyses of PE-related mortality were published in the early 2000s.

Methods For this retrospective epidemiological study, we accessed medically certified vital registration data from the 
WHO Mortality Database (USA and Canada, 2000–17) and the Multiple Cause of Death database produced by the 
Division of Vital Statistics of the US Centers for Disease Control and Prevention (CDC; US, 2000–18). We investigated 
contemporary time trends in PE-related mortality in the USA and Canada and the prevalence of conditions 
contributing to PE-related mortality reported on the death certificates. We also estimated PE-related mortality by age 
group and sex. A subgroup analysis by race was performed for the USA. 

Findings In the USA, the age-standardised annual mortality rate (PE as the underlying cause) decreased from 
6·0 deaths per 100 000 population (95% CI 5·9–6·1) in 2000 to 4·4 deaths per 100 000 population (4·3–4·5) in 2006. 
Thereafter, it continued to decrease to 4·1 deaths per 100 000 population (4·0–4·2) in women in 2017 and plateaued 
at 4·5 deaths per 100 000 population (4·4–4·7) in men in 2017. Among adults aged 25–64 years, it increased after 
2006. The median age at death from PE decreased from 73 years to 68 years (2000–18). The prevalence of cancer, 
respiratory diseases, and infections as a contributing cause of PE-related death increased in all age categories from 
2000 to 2018. The annual age-standardised PE-related mortality was consistently higher by up to 50% in Black 
individuals than in White individuals; these rates were approximately 50% higher in White individuals than in those 
of other races. In Canada, the annual age-standardised mortality rate from PE as the underlying cause of death 
decreased from 4·7 deaths per 100 000 population (4·4–5·0) in 2000 to 2·6 deaths per 100 000 population (2·4–2·8) 
in 2017; this decline slowed after 2006 across age groups and sexes.

Interpretation After 2006, the initially decreasing PE-related mortality rates in North America progressively reached a 
plateau in Canada, while a rebound increase was observed among young and middle-aged adults in the USA. These 
findings parallel recent upward trends in mortality from other cardiovascular diseases and might reflect increasing 
inequalities in the exposure to risk factors and access to health care.

Funding None.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
The annual incidence of acute pulmonary embolism (PE), 
estimated at 115 cases per 100 000 people in the USA,1 has 
been increasing globally over the past decades because of 
a longer life expectancy and an increase in sensitive 
diagnostic tests.2–5 Nevertheless, global awareness of PE 
and deep vein thrombosis remains deficient.6

PE can be fatal, in particular if it leads to right 
ventricular failure and haemodynamic instability.7,8 In 
analyses of global mortality, PE is not yet recognised as a 
separate clinical entity and a potential underlying cause 
of death,1,9 although at least half of cases present in 
the absence of a provoking factor.10–12 Understanding 

temporal trends in PE-related mortality is necessary to 
implement preventive and management strategies and 
assess their utility. Furthermore, PE has been identified 
as a major clinical challenge since the beginning of the 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) outbreak, possibly contributing to 
COVID-19-related morbidity.13–17 Therefore, the relevance 
of acute PE in terms of disease burden will rise even 
further in the coming years.

In Europe, PE-related mortality declined from 
2000 to 2015,18 as did other acute cardiovascular 
diseases.19,20 In the USA, the latest analysis on PE-related 
mortality covered the years 1979–98,21 and the only recent 
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information available is on hospitalisation-related case 
fatality rates.22 Data on trends in incidence of venous 
thromboembolism and case fatality rates are available 
for the most recent years for only two Canadian 
regions,23,24 whereas information on PE-related mortality 
in Canada has not been reported after 2009.25

In this study, we investigate contemporary time trends 
in age-standardised PE-related mortality and changes in 
the prevalence of contributing conditions to PE-related 
mortality in the USA and Canada.

Methods
Data sources
We examined time trends in PE-related mortality 
(deaths per 100 000) in the USA and Canada based on 
the WHO Mortality Database, years 2000–17.26 We 
additionally described the prevalence of conditions 
contributing to PE-related mortality in the USA by 
accessing the data from the US Centers for Disease 

Control and Prevention (CDC) Multiple Cause of Death 
database (years 2000–18).27

The WHO Mortality Database contains aggregate 
mortality data, classified by age and sex, on the underlying 
causes of death, as reported in the civil registries of 
individual countries. Medically certified deaths registered 
at local civil registries are compiled by national authorities 
in civil registration systems and regularly transmitted to 
the WHO, together with population data,28 within 
12–18 months after the closure of the latest national 
record.29 Since 1999, the four-digit ICD-10 codes have 
been used in the USA and Canada to classify and report 
causes of death. The population estimates reported in the 
WHO Mortality Database are taken from the UN 
Population Division.

The Multiple Cause of Death database contains infor
mation from death certificates of all US residents. It also 
includes demographic, geographical, and diagnostic data 
such as age, sex, race, Hispanic origin, urbanisation 

Research in context

Evidence before this study
We searched PubMed, Web of Science, and Google Scholar for 
epidemiological studies and reviews published in English from 
Jan 1, 1995, to Jan 1, 2020, using the search terms “mortality”, 
“deaths”, “fatality”, “pulmonary embolism”, “venous 
thromboembolism”, “epidemiology”, “systematic review”, 
“incidence”, “United States”, and “Canada”. Over the past 5 years, 
the World Thrombosis Day Steering Committee has published a 
series of systematic and narrative reviews of the literature 
summarising available data on the global burden of thrombosis. 
The Global Burden of Diseases, Injuries, and Risk Factors (GBD) 
study had provided online material to retrieve information on 
global mortality related to cardiopulmonary diseases.

The latest estimates of time trends in PE-related mortality dated 
back to the period of 2000–09 in Canada and to 1979–98 in 
the USA. In both countries, mortality due to PE both as an 
underlying cause of death and as a contributing condition had 
slowly declined, paralleling other cardiovascular and 
cardiometabolic diseases. More recently, however, evidence of 
substantial breaks in these trends had been accumulating in both 
countries. Life expectancy had been decreasing from 2011 in 
the USA and plateaued after 2016 in Canada. Mortality from 
cardiovascular and cardiometabolic causes had been increasing in 
young and middle-aged adults in the USA. PE was not included as 
an independent cause of death in the analyses of the GBD study. 
This choice was primarily based on doubts on the accuracy of its 
attribution as cause of death in the absence of autopsy and on 
whether PE represented an underlying, or rather intermediate, 
cause of death. However, acute PE can be the primary cause of 
death in patients with no comorbidities or identifiable risk 
factors; PE represents a preventable cause of death in some 
contexts, such as pregnancy, oral contraceptive 
treatment, or elective surgical procedures.

Added value of this study
Our study, based on medically certified vital registration data 
from the WHO Mortality Database and the Multiple Cause of 
Death database from the US Centers for Disease Control and 
Prevention, provides a comprehensive analysis of the disease 
burden from PE and time trends in PE-related mortality in 
Canada and the USA for a period of 19 years. Our results reveal a 
current age-standardised PE-related mortality close to 4 deaths 
per 100 000 population per year.

In the USA, between 2000 and 2006, PE-related mortality 
continued its previous decreasing trend. Thereafter, it plateaued 
in both sexes but  increased among young and middle-aged 
adults. The prevalence of cancer, respiratory diseases, and 
infections as a contributing cause of PE-related death increased 
in all age categories. In Canada, the rate of decrease of 
PE-related mortality slowed down, with a consistent trend 
across age groups and sexes. These trends parallel the recent 
concerning data on mortality from other cardiovascular 
diseases.

Implications of all the available evidence
Additional research is needed to understand the root causes of 
the increase in PE-related mortality among young and middle-
aged adults in the USA and the plateau in its decline in Canada. 
The overall decrease might reflect improvements in prophylaxis 
and treatment of PE or overdiagnosis of non-fatal PE, whereas the 
differences across age groups might reflect increasing inequities 
in the exposure to behavioural risk factors and barriers to access 
to health care among young and middle-aged adults, differences 
in health-care policies, or a selective decline in autopsy and hence 
underdiagnosis of PE in patients aged 65 years or older and, 
particularly, in those aged 80 years or older. PE should be included 
in estimates of global mortality to support continued efforts to 
ensure optimal prevention, early detection, and treatment.
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category, county, place of death, and whether an autopsy 
was performed. For each death, up to 20 causes or 
conditions are listed as reported by physicians (“entity axis” 
field). Of these causes, only one, the condition that directly 
led to death, is chosen as underlying cause; all others are 
considered contributing causes. The data of the entity axis 
are converted to a record axis after processing, translation 
of codes, elimination of repetitions, and automatic 
reassignment to best describe the medical certification 
section of the death certificate and the underlying cause of 
death. Quality checks are regularly performed by 
nosologists at the state level and at the CDC National 
Center for Health Statistics. We used the record axis for the 
present analysis in line with previous studies21 and the 
research objectives of the Multiple Cause of Death 
database.30

In the WHO Mortality Database, we defined PE-related 
deaths as those in which codes for PE or venous 
thromboembolism were listed as the underlying cause of 
death.18,31 In the Multiple Cause of Death database, we 
extracted and analysed records listing a PE-related code 
in any position of the death certificate, namely cited as 
either underlying cause or contributing cause; we did 
separate analyses for underlying causes of death. An 
overview of the codes used to define PE showing 
agreement between the two databases is provided in the 
appendix (pp 2–3).

Using the Multiple Cause of Death database, we 
studied the contribution of other conditions to mortality 
as underlying or contributing causes in patients with PE 
in the USA, including cancer, cardiovascular diseases, 
external causes (eg, trauma, poisoning, and other injuries 
from environmental causes), haemorrhage, infectious 
diseases, and respiratory diseases. “Other causes” were 
defined as all causes of death not included in the above 
categories. These causes are listed and defined in the 
appendix (pp 4–6).

For race-specific and ethnicity-specific estimates, we 
used annual national population totals for sex, age group, 
race, and Hispanic origin obtained by the US Census 
Bureau.32,33 In the USA, race and Hispanic origin are two 
distinct attributes, and they are reported separately on 
death certificates as supplied by an informant, usually 
the next of kin. We used the recoding of primary race in 
the three categories “White”, “Black”, and “Other” (also 
including Asians and American Indians)34 for comparison 
with previous studies.21 We classified “ethnicity” into four 
categories (“non-Hispanic white”, “non-Hispanic black”, 
“non-Hispanic other” and “Hispanic”) using a 
combination of the two attributes for the non-Hispanic 
population, consistent with previous reports from the US 
CDC35 and studies in the scientific literature.36 We then 
calculated the annual crude and age-standardised PE-
related mortality rates by race and ethnicity recorded in 
the certificates of the Multiple Cause of Death database, 
using the annual national population totals from the 
US Census Bureau.

Data extraction and validation were performed 
separately by two independent investigators (LV, SHM), 
and the final statistical analysis was performed by LV. We 
followed the Guidelines for Accurate and Transparent 
Health Estimates Reporting (GATHER) standards.37 The 
present study did not require approval by an institutional 
review board.

Statistical analysis
We calculated crude PE-related mortality rates for indiv
idual years by dividing the number of PE-related deaths 
by the total population (deaths per 100 000 population). 
We further provided age-standardised PE-related 
mortality rates based on 5-year age groups using the 
2013 European standard population38 to allow comparison 
with a previous analysis of the European Region.18 We 
depicted the proportion of PE-related deaths out of total 
deaths and time trends in age-standardised mortality 
rates with smoothed lines generated by locally estimated 
scatterplot smoothing.39 We used Joinpoint regression 
(Joinpoint, version 4.6.0.0, National Cancer Institute, 
USA) to identify changes in trends and timepoints with 
significant inflections and calculated the average annual 
percentage change with corresponding 95% CIs.40

See Online for appendix

Figure 1: Trends in PE-related age-standardised mortality in women and men in the USA and Canada, 
2000–17
Data from the WHO Mortality Database. Locally weighted scatterplot smoother lines were used to depict the 
annual PE-related age-standardised mortality rate (number of deaths with PE as the underlying cause per 
100 000 population). PE=pulmonary embolism.
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A recent analysis of life expectancy and overall mortality 
rates in the USA indicated that all-cause mortality rates 
steadily declined from 1959 to 2000, reached a nadir in 
2010, and increased thereafter, especially among young and 
middle-aged adults and across all racial groups.36 Therefore, 
we performed a similar analysis of time trends in age-
standardised PE-related mortality for patients according to 
the following age groups: 25–64 years, 65–79 years, and 
80 years or older. We calculated age-standardised mortality 
rates within each age group using weights from the 
European standard population.38 R version 3.6.2 (tidyverse, 
metafor) served for data analysis.41

Role of the funding source
The authors are entirely responsible for the contents of 
this work. SB, LV, and SHM had access to the raw data. 
The corresponding author had full access to all the data 
and the final responsibility to submit for publication.

Results
We first looked at the time trends in age-standardised 
mortality with PE as the underlying cause of death in 
the USA and Canada using data from the WHO Mortality 
Database. In the USA, PE was recorded as the underlying 
cause of death in 11 761 patients in 2000 and in 11 954 patients 
in 2017. In the setting of a constant population growth 
(appendix p 7),28 the decrease in age-standardised PE-related 
mortality rate from 2000 to 2017 was not linear (figure 1; 
appendix pp 8–9). This rate decreased from 6·0 deaths per 

100 000 population (95% CI 5·9–6·1) in 2000 to 4·4 deaths 
per 100 000 population (4·3–4·5) in 2006; thereafter, it 
slowed down its decrease to 4·1 deaths per 100 000 population 
(4·0–4·2) in women in 2017, and plateaued at 4·5 deaths per 
100 000 population (4·4–4·7) in men in 2017. These data 
were partly explained by differences in sex-specific trends 
across age groups (appendix p 17). Between 2000 and 2006, 
the decrease in PE-related age-standardised mortality was 
rapid and did not differ between men and women across all 
age groups. However, after 2006, PE-related age-
standardised mortality increased in men (25–64 years and 
65–79 years) and in young and middle-aged women 
(25–64 years), whereas it continued decreasing, but at a 
slower rate, in older women (80 years or older; 
appendix, p 17).

The age-standardised annual mortality rates related to 
PE, calculated using the Multiple Cause of Death 
database, were consistently higher (by up to 50%) in 
Black individuals than in White individuals (figure 2A). 
These rates were approximately 50% higher in White 
individuals than in those recorded as “Other” for 
primary race category. These findings were independent 
of the position of PE codes in death certificates 
(figure 2B) and were consistent with age-standardised 
mortality rates across ethnicities (appendix p 18).

In Canada, the WHO Mortality Database showed that 
PE was listed as the underlying cause of death in 
955 patients in 2000 and in 863 in 2017, corresponding to 
an annual age-standardised mortality rate of 4·7 deaths 
per 100 000 population (95% CI 4·4–5·0) in 2000 and of 
2·6 deaths per 100 000 (2·4–2·8) in 2017. The rate of 
decrease in age-standardised PE-related mortality rate 
slowed after 2006, in both men and women (figure 1) and 
across age groups (appendix pp 8–9).

We then looked at the contribution of PE-related deaths 
to the total mortality, using the WHO Mortality Database. 
In the USA, PE-related deaths decreased from 4·9 deaths 
per 1000 total deaths (95% CI 4·8–5·0) in 2000 to 
4·2 deaths per 1000 total deaths (4·2–4·3) in 2017. In 
Canada, PE-related deaths decreased from 4·4 deaths per 
1000 total deaths (4·1–4·7) in 2000 to 3·1 deaths per 
1000 total deaths (2·9–3·3) in 2017.

In the setting of the WHO Mortality Database, PE-related 
mortality was low in childhood and adolescence and 
increased with age with a seemingly exponential distri
bution, in line with European data18 (figure 3). In both 
countries, PE was an especially relevant contributor to 
overall mortality among women aged 20–50 years. Within 
this group, PE was recorded as the underlying cause of 
death in up to 16 deaths per 1000 total deaths in the USA 
and up to 13 deaths per 1000 total deaths in Canada 
(figure 3; appendix p 19).

Using the Multiple Cause of Death Database, we calculated 
the US time trends in age-standardised mortality rate on the 
basis of number of records with PE listed in any position of 
the death certificate. Mortality decreased in men from 
14·7 deaths per 100 000 population (95% CI 14·4–15·0) in 

Figure 2: Trends in PE-related age-standardised mortality by race and sex in 
the USA, 2000–18.
Data from the Multiple Cause of Death Database. Locally weighted scatterplot 
smoother) lines for the age-standardised mortality rate (number of deaths per 
100 000 population) related to PE listed as the underlying cause of death (A) or 
in any position of the death certificate (B). PE=pulmonary embolism.
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2000 to 13·4 deaths per 100 000 population (13·2–13·7) in 
2009, and it increased again to 14·8 deaths per 
100 000 population (14·5–15·0) in 2017 (appendix, p 20). In 
women, it followed a similar pattern, decreasing from 
12·9 deaths per 100 000 population (12·7–13·1) in 2000 to 
12·2 deaths per 100 000 population (12·0–12·4) in 2009, and 
then increasing back to 12·9 deaths per 100 000 population 
(12·7–13·1) in 2018.

In the year 2000, PE (or limb vein thrombosis with PE) 
was the underlying cause of death in 11 113 (41·9%) of 
26 540 death records with PE codes, decreasing to 
11 547 (30·2%) of 38 215 death records in 2018 
(appendix pp 10–11). The median age at death decreased 
from 73 to 71 years for deaths with PE in any position of 
the death certificates and from 73 to 68 years for deaths 
with PE as the underlying cause (appendix p 21). The 
counts of deaths attributed to PE in the Multiple Cause of 
Death Database matched those reported in the WHO 
Mortality Database for the USA in the same period.

In the setting of the CDC Multiple Cause of Death 
database, young and middle-aged adults aged 25–64 years 
exhibited an increase in PE-related age-standardised 

mortality rate after 2006. This increase occurred 
irrespective of whether the codes for PE were listed as the 
underlying cause of death (alone or preceded by codes for 
limb vein thrombosis) or in any position of the death 
certificate (figure 4).

We then looked at the prevalence of other conditions 
listed as the underlying causes of death in records with PE 
in the Multiple Cause of Death certificate across 2000–18 
(figure 5; appendix pp 10–11). Cancer was listed as the 
underlying cause of death in 4972 (18·7%) of all 
26 540 death records with PE codes in 2000, increasing to 
10 316 (27·0%) of 38 215 death records in 2018 
(appendix pp 10–11). An increase was also observed for 
respiratory diseases (from 5·1% in 2000 to 6·7% in 2018). 
Cardiovascular diseases and risk factors were listed as the 
underlying cause of death in 13·5% of cases in 2000 and 
in 12·1% of cases in 2018. Codes for venous thrombosis in 
patients with PE or with limb vein thrombosis with PE 
were listed as the underlying cause of death in 
2498 (22·5%) of 11 113 cases in 2000 and 2426 (21·0%) of 
11 547 cases in 2018. The cause-specific age-standardised 
mortality rate due to several conditions increased between 

Figure 3: PE-related mortality across age groups and contribution of PE-related mortality to total mortality in the USA and Canada, 2000–17
Data from the WHO Mortality Database. Mortality rate by age group (observed; A) and average annual number of deaths with PE as the underlying cause per 
1000 total deaths (proportionate mortality [B]; showed by locally weighted scatterplot smoother lines). PE=pulmonary embolism.
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2000 and 2018 (appendix pp 13–14): for cancer, it increased 
from 2·57 to 3·70 deaths per 100 000; for respiratory 
diseases, it increased from 0·73 to 0·96 deaths per 
100 000 population; for infectious diseases, it increased 
from 0·15 to 0·28 deaths per 100 000 population; and for 
haemorrhage, it increased from 0·14 to 0·17 deaths per 
100 000 population (appendix pp 13–14). Cause-specific 
age-standardised mortality rate due to cardiovascular 

diseases or external causes decreased between 2000 and 
2018 (appendix pp 13–14). Figure 6 depicts age-specific 
and sex-specific differences in cause-specific age-
standardised mortality rate in patients with PE.

The appendix (p 12) shows the prevalence of conditions 
listed in any position of the death certificate of patients 
with PE. The cause-specific age-standardised mortality 
rates were increased by accounting for these cause-
specific codes listed in any position of the death 
certificate: for cancer, it increased from 3·27 to 4·10 deaths 
per 100 000 population; for respiratory diseases, it 
increased from 3·28 to 4·66 deaths per 100 000 population; 
for infectious diseases, it increased from 0·68 to 
1·20 deaths per 100 000 population; and for haemorrhage 
from 0·58 to 0·86 deaths per 100 000 population 
(appendix pp 15–16).

Information on the use of autopsy for the diagnosis of 
PE in the USA is provided in the appendix (p 22).

Discussion
This study provides information on the mortality due to 
PE in the USA and Canada, based on official vital 
registration data from the past two decades. The 
decreasing trend of PE-related mortality observed in 
the USA between 2000 and 2006 is of similar magnitude 
to that recorded between 1979 and 1998, and to recent 
reports for Europe.18,21 After 2006, however, PE-related 
mortality increased in the USA in young and middle-aged 
adults, whereas the rate of decrease slowed and plateaued 

Figure 4: Trends in PE-related age-standardised mortality in the USA, 2000–18
Data from the Multiple Cause of Death Database. Locally weighted scatterplot smoother lines for the age-
standardised mortality rate (number of deaths per 100 000 population) related to PE listed as the underlying cause 
of death or in any position of the death certificate. To account for differences in age distribution within each age 
group, age-standardised mortality rates were calculated within each class using weights from the European 
standard population. PE=pulmonary embolism.
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Figure 5: Prevalence of conditions listed as the underlying cause of death on 
death records of patients with PE in the USA, 2000–18
Data from the Multiple Cause of Death Database. Number of deaths by the 
underlying cause and proportion of cases among those listing PE codes. 
PE=pulmonary embolism.
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among those aged 65 years and older. As a consequence, 
the median age at death from PE decreased between 
2000 and 2018. In contrast, the age-standardised PE-
related mortality in Canada decreased from 2000 to 2017; 
the decline slowed after 2006 across age groups.

In the USA and Canada, the relative contribution of PE 
to total mortality was higher in younger and middle-aged 
women, peaking at 1·6% in the USA and 1·3% in 
Canada. In the USA, several conditions were increasingly 
reported in association with PE-related deaths over time: 
cancer alone was listed as the underlying cause of death 
in 27% of deaths with PE in 2018, whereas PE itself was 
listed as the underlying cause of death in 23·9% of death 
certificates that year.

The most recent estimates for age-standardised mort
ality, with PE as the underlying cause, in the USA and 
Canada are similar to those of other high-income countries 
in 2014 and 2015.18,42 As previously illustrated, mortality 
estimates are two-to-three times higher if PE codes listed 
in any position of the death certificate are considered.5,43 As 
in previous analyses of vital registration data,18,21 estimates 
are lower than indirect calculations and epidemiological 
models relying on incidence and fatality assumptions 
accounting for potential PE underdiagnosis.44,45

Our findings should be read in the context of a decrease 
in PE-related mortality in the USA across sexes and races, 
which started in the 1980s and continued until 1998.21 This 
improvement could be partly explained by advances 
in the prevention of venous thromboembolism, especially 
the current focus on prevention of hospital-associated 
thromboembolism, and the implementation of novel 
diagnostic pathways and treatment strategies.46,47 Cohort 
studies reported a similar improvement in early fatality 
after PE.3,5,22 This downward trend in PE-related mortality 
is similar to that of cardiovascular and cardiometabolic 
diseases, which showed a similar rapid decrease until the 
2000s, followed by a deceleration over the past few years.48–50 
A similar plateau or deceleration in the decrease of PE-
related mortality has been observed in some western 
European countries during the same time period.18

A reduction of life expectancy in the USA has been 
reported after 2011, mainly attributed to substance abuse, 
suicide, and organ system diseases among young and 
middle-aged adults.36 Canada is also witnessing a decrease 
in life expectancy after 2016, primarily among younger 
men and attributed in part to the so-called opioids 
epidemic.51 In the USA, the increase of PE-related mortality 
observed among young and middle-aged adults reflects 
that of overall mortality and appears to be discordant with 
other high-income countries.36,52 A similar increase has 
also been described for other cardiovascular and 
pulmonary diseases, diabetes, and disability.36 Potential 
socio-economic causes include exposure to behavioural 
risk factors,53,54 social inequalities and barriers to the access 
to health care,55,56 and US medical care price inflation.36,49,50,57 
However, we cannot exclude the possibility that the 
decreasing trends in PE-related mortality in the older 

population are due to the presence of competing causes of 
death, including other cardiopulmonary diseases or cancer. 
In this population, these deaths might be occurring at an 
earlier stage than PE usually occurs or be less successfully 
prevented (or treated) than PE. 

Figure 6: Trends in age-standardised mortality according to the underlying cause of death on records listing 
PE among the causes of death in the USA, 2000–18
Data from the Multiple Cause of Death Database. Locally weighted scatterplot smoother lines for the annual age-
standardised pulmonary embolism-related mortality rate (number of deaths per 100 000 population). 
PE=pulmonary embolism.
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In agreement with previous reports, we showed that 
trends in PE-related mortality in the USA were consistent 
across races and ethnicities, but that Black individuals 
had a higher mortality due to PE than did White 
individuals and those of other races.21 These data are in 
agreement also with historical incidence data in the USA 
demonstrating the highest annual venous throm
boembolism rate among Black individuals, followed by 
other groups in a descending order paralleling that of PE-
related mortality.58 Furthermore, recent reports reported 
similar disparities among Black individuals in terms of 
all-cause mortality and life expectancy.36

Misclassification and underdiagnosis of PE cases 
because of decreasing autopsy rates might be partly 
responsible for the trends observed in our study.59 It is 
well recognised that sudden death is often arbitrarily 
classified in patients with an underlying cardiovascular 
disease or chest pain, and that in several cases PE is 
diagnosed only at autopsy.60–62 While the percentage of 
deaths attributed to PE diagnosed by autopsy remained 
stable over time, we showed that the autopsy rate in the 
general US population decreased from 2000 to 2007.59 
A selective decline in autopsy and hence underdiagnosis 
of PE in older patients might partly explain the observed 
differences in trends across age groups.

PE remains a frequent cause of death in women aged 
20–50 years. Younger women are characterised by an 
overall low mortality and present with specific risk factors 
for venous thromboembolism, such as pregnancy63 and 
the use of oestrogen-containing oral agents, such as the 
combined oral contraceptive pill. In the USA, this 
peak appeared to extend to older women between 
2000 and 2017, possibly reflecting the increase in the 
mean age of mothers for all birth orders observed during 
the same period.

The attribution of death to a single identifiable 
underlying cause is obvious in patients without 
severe comorbidities. This scenario occurs in a large 
proportion of patients with unprovoked PE or following 
autopsy for sudden death. In the USA, approximately a 
third of the deaths for which a PE code was reported 
had PE (or limb vein thrombosis associated with PE) 
listed as the underlying cause of death. This proportion 
appears to be consistent with data indicating that 
venous thromboembolism is not associated with 
recognisable provoking risk factors in half of patients.12 
Our estimates of PE-related mortality are in line with 
epidemiological data demonstrating an incidence rate 
of 115 cases per 100 000 population1 and an early fatality 
not exceeding 10%.22

 The difficulty in classifying PE as the underlying or 
contributing cause of death underlines that it is essential 
to recognise venous thromboembolism as a distinct 
clinical entity and not only as a (fatal) complication of 
other diseases.6 The progressive rise of the reporting of 
cancer and other venous thromboembolism-provoking 
factors, such as respiratory diseases and infections, and 

the parallel decline of PE itself among the underlying 
causes of death in deaths with PE must be interpreted in 
this context. While this trend might be due to the 
increasing sensitivity of diagnostic techniques that 
identify cases of PE of low clinical severity that are 
unlikely to be fatal,3 it might also reflect an improvement 
in prophylaxis and treatment of PE.

We acknowledge several limitations. First, death 
certificates are not always entirely reliable. This issue 
might be even more relevant for PE-related deaths, for 
which there is still no unanimously accepted definition 
and which might be subject to misclassification.31,64,65 
Considering PE codes listed as a contributing condition 
might, in contrast, inflate the rates because of the 
potential overdiagnosis of incidental PE as a result of 
increased use of high-quality imaging tests.3 We cannot 
exclude that changes in the ICD version used for death 
certification have had an impact. However, this change is 
unlikely to have affected the observed trends in the 
period we investigated. Whereas the ICD-10-CM/PCS 
(Clinical Modification and Procedure Coding System) 
used for morbidity documentation was only introduced 
in 2015 in the USA,66 the ICD-10 for death certification 
replaced the ICD-9 from 1999 in the USA and 2000 in 
Canada with no transition period. All major ICD-10 codes 
for PE or deep vein thrombosis had a correspondent 
ICD-9 code with high comparability ratios;67 indeed, a 
limited impact of the coding switch on reported mortality 
trends was only observed in the first year of 
implementation and in diseases with significant changes 
in coding.68 Moreover, change in coding practices due to 
the fear of malpractice litigation cannot be excluded. This 
aspect might reflect geographical heterogeneity in 
addition to other differences between the USA and 
Canada in terms of access to health care, policies, and 
population. Finally, we were unable to examine the 
influence of highly prevalent underlying risk factors such 
as obesity (body-mass index >30 kg/m²), which, although 
it only doubles the risk of venous thromboembolism, is 
now so prevalent, particularly in the USA population, 
that it must be considered a major risk factor.69 Recent 
figures have shown that the prevalence of obesity has 
increased considerably in the USA from 28·8% in 2000 
to 42% in 2020.70

In conclusion, our findings highlight the need for 
continued efforts to ensure optimal prevention, early 
detection, and treatment of PE on a population level, as 
well as within age-specific, sex-specific, and race-
specific groups characterised by substantial PE-related 
mortality. PE should be included in estimates of global 
mortality to support these efforts and evaluate the 
effectiveness of interventions.  
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