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Summary

Background—Reduction of premature mortality is a UN Sustainable Development Goal. Unlike
other high-income countries, age-adjusted mortality in the USA plateaued in 2010 and increased
slightly in 2015, possibly because of rising premature mortality. We aimed to analyse trends in
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mortality in the USA between 1999 and 2014 in people aged 25-64 years by age group, sex, and
race and ethnicity, and to identify specific causes of death underlying the temporal trends.

Methods—For this analysis, we used cause-of-death and demographic data from death
certificates from the US National Center for Health Statistics, and population estimates from the
US Census Bureau. We estimated annual percentage changes in mortality using age-period-cohort
models. Age-standardised excess deaths were estimated for 2000 to 2014 as observed deaths
minus expected deaths (estimated from 1999 mortality rates).

Findings—Between 1999 and 2014, premature mortality increased in white individuals and in
American Indians and Alaska Natives. Increases were highest in women and those aged 25-30
years. Among 30-year-olds, annual mortality increases were 2:3% (95% CI 2-1-2-4) for white
women, 0-6% (0-5-0-7) for white men, and 4-3% (3-:5-5:0) and 1.9% (1.3-2.5), respectively, for
American Indian and Alaska Native women and men. These increases were mainly attributable to
accidental deaths (primarily drug poisonings), chronic liver disease and cirrhosis, and suicide.
Among individuals aged 25-49 years, an estimated 111 000 excess premature deaths occurred in
white individuals and 6600 in American Indians and Alaska Natives during 2000-14. By contrast,
premature mortality decreased substantially across all age groups in Hispanic individuals (up to
3:2% per year), black individuals (up to 3:9% per year), and Asians and Pacific Islanders (up to
2-6% per year), mainly because of declines in HIV, cancer, and heart disease deaths, resulting in an
estimated 112 000 fewer deaths in Hispanic individuals, 311 000 fewer deaths in black individuals,
and 34 000 fewer deaths in Asians and Pacific Islanders aged 25-64 years. During 2011-14,
American Indians and Alaska Natives had the highest premature mortality, followed by black
individuals.

Interpretation—Important public health successes, including HIV treatment and smoking
cessation, have contributed to declining premature mortality in Hispanic individuals, black
individuals, and Asians and Pacific Islanders. However, this progress has largely been negated in
young and middle-aged (25-49 years) white individuals, and American Indians and Alaska
Natives, primarily because of potentially avoidable causes such as drug poisonings, suicide, and
chronic liver disease and cirrhosis. The magnitude of annual mortality increases in the USA is
extremely unusual in high-income countries, and a rapid public health response is needed to avert
further premature deaths.

Funding—US National Cancer Institute Intramural Research Program.

Introduction

Reduction of premature mortality, a major public health focus, is one of the UN Sustainable
Development Goals.! Indeed, tobacco control and prevention and treatment of
cardiovascular and other chronic diseases have substantially and consistently reduced
premature mortality,? and increased lifespan in the USA and many other countries over the
past 40 years.!

However, a 2015 report? highlighted a surprising increase (0-5% per year) in premature
mortality in middle-aged white individuals (45-54 years old) between 1999 and 2013 in the
USA, which is in stark contrast with sustained declines in other developed countries and in
the US black and Hispanic population. This increase was primarily attributed to deaths from
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drug and alcohol poisonings and suicide.3 Furthermore, age-adjusted mortality for the total
US population plateaued in 2010 and increased slightly in 2015,24 and mortality in black
individuals and American Indians and Alaska Natives remain higher than that in white
individuals.®

In this study, we aimed to comprehensively analyse trends in premature mortality in the
USA from 1999 to 2014 by age, sex, and race and ethnicity, and to identify the causes of
death responsible for increases and declines in premature mortality to highlight health
disparities and priorities for intervention.

Research in context
Evidence before this study

Declines in overall age-adjusted mortality have been reported in the past several decades
in the USA. However, premature mortality was noted to have increased in non-Hispanic
white individuals aged 45-54 years between 1999 and 2013 (0-5% per year), which
contrasts with sustained declines in other developed countries. These increases were
largely driven by increasing mortality due to accidental poisonings, suicide, and chronic
liver disease and cirrhosis, and reports from the US Centers for Disease Control and
Prevention have also shown increasing mortality caused by opioid overdoses in 2000-14.

Added value of this study

In this study, we systematically assessed and compared premature mortality for major
causes of death by sex, and race and ethnicity to identify reasons for increases and
declines in mortality, as well as to set priorities for intervention. By contrast with
previous studies of mortality in the USA, we used age-period-cohort models, highlighted
both increases and decreases in mortality, and included analyses specific to American
Indians and Alaska Natives and to Asians and Pacific Islanders, two important racial
groups with divergent mortality trends that are often excluded from studies of mortality
in the USA.

Implications of all the available evidence

Premature mortality trends in the USA are divergent, with substantial disparities by race
and ethnicity. Although considerable success has been achieved in the prevention of
deaths caused by most chronic and infectious diseases, and in the reduction of premature
mortality in Hispanic individuals, black individuals, and Asians and Pacific Islanders,
notable increases in mortality have occurred in young and middle-aged white individuals,
and American Indians and Alaska Natives. Aggressive efforts to prevent premature
deaths in the USA are urgently needed, by targeting emerging causes of death—
primarily drug poisonings, suicide, and chronic liver disease and cirrhosis—in addition to
continued efforts in prevention and treatment of cancer and heart disease.
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For this analysis, we obtained US mortality data for 1999-2014 using cause-of-death and
demographic data from death certificates from the US National Center for Health Statistics,
Centers for Disease Control and Prevention (CDC). Cause of death was assigned according
to International Classification of Diseases, Tenth Revision (ICD-10), and categorised by the
Surveillance, Epidemiology, and End Results (SEER) Cause of Death Recode (appendix p
4). Population estimates were provided by the US Census Bureau. For comparison, we
abstracted mortality data for Canada from Statistics Canada® and for England and Wales
from the UK’s Office for National Statistics.” All analyses were restricted to individuals
aged 25-64 years to focus on premature death and to expand on previous analyses of mid-
life mortality.3 Estimates for American Indians and Alaska Natives were restricted to
counties in Contract Health Services Delivery Areas to reduce racial misclassification.®

Data analysis

We estimated age-adjusted mortality (standardised to the US population in 2000) by
calendar period (1999-2002, 2003-06, 2007-10, and 2011-14), age group (25-39 years,
40-49 years, and 50-64 years), sex, and race and ethnicity (non-Hispanic white individuals
[63:7% of 2010 population], Hispanic individuals [16-3%], non-Hispanic black individuals
[12-2%], Asians and Pacific Islanders [4-8%], and American Indians and Alaska Natives
[0-7%]). To identify causes of death contributing to changes in all-cause mortality, we
estimated the absolute difference in age-adjusted cause-specific mortality between 2011-14
and 1999-2002 by age group, sex, and race and ethnicity. We also estimated age-adjusted
rate ratios comparing mortality in 2011-14 with that in 1999-2002. Excess age-standardised
deaths in 2000-14 were estimated as sum of the observed number of deaths minus the
expected number of deaths in each year. Expected deaths were estimated by applying
mortality in 1999 to the population of each subsequent year in 5 year age groups. Thus,
absolute changes in death rates for 2000-14 are relative to what would have been expected if
death rates in 1999 had persisted. For American Indians and Alaska Natives, observed and
expected deaths were estimated by applying death rates from Contract Health Services
Delivery Areas to the full US American Indian and Alaska Native population.

Among individuals aged 25-49 years, we further stratified accidental deaths into the
following subgroups: motor vehicle accidents, other transport accidents, accidental
poisoning or exposure to noxious substances, and other non-transport accidents (see
appendix p 29 for ICD-10 codes). Additionally, to examine the influence of accidental
deaths on geographical heterogeneity in mortality, we calculated age-adjusted all-cause and
accidental mortality for the time periods 2011-14 and 1999-2002 by state in white
individuals aged 25-49 years (data too sparse for other racial and ethnic groups).
SEER*Stat, version 8.3.2, was used for analysis.

We estimated annual percentage changes in mortality and cohort relative risks using age-
period-cohort models (appendix p 2) to separate the overall trend into age effects, reflecting
natural history; period effects, representing environmental effects on all age groups; and

Lancet. Author manuscript; available in PMC 2018 March 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shiels et al.

Page 5

cohort effects, capturing differential risk across birth cohorts.? We examined 1 year age
intervals (25-64 years) and calendar period intervals (1999-2014), which included 55
partially overlapping birth cohorts from 1935-89. Analyses were done with the R program,
version 3.1.2 (R Core, 2014).10

Role of the funding source

Results

The funder of the study reviewed the final version of the manuscript but had no role in study
design, data collection, data analysis, data interpretation, or writing of the report. MSS and
PC had full access to the data. MSS was responsible for the decision to submit for
publication.

Between 1999 and 2014, premature mortality in Canada and in England and Wales declined
by up to 3% per year in both men and women across nearly all age groups (figure 1A, B;
appendix p 2). By contrast, in the USA, premature mortality decreased for some age groups
but increased for others—notably, women aged 25-31 years (figure 1C). Among white
individuals, mortality increased in men aged 25-32 years, 40-49 years, and 63-64 years and
in women aged 25-38 years, 40-50 years, and 62—64 years (figure 1D). Premature mortality
also increased significantly for American Indians and Alaska Natives across most ages
(figure 1E). The largest increases in white individuals and in American Indians and Alaska
Natives were seen in those aged 25-30 years, particularly in women. For example, among
25-year-olds, annual mortality increases were 3:0% (95% CI 2-8-3-1) for white women,
1.9% (1-7-2.0) for white men, and 5-0% (3-9—6-1) for women and 2-7% (1-8-3-6) for men
among American Indians and Alaska Natives. Among 30-year-olds, annual mortality
increases were 2-3% (2-1-2-4) for white women, 0-6% (0-5-0-7) for white men, and 4-3%
(3-5-5-0) for women and 1-9% (1-3-2-5) for men among American Indians and Alaska
Natives. By contrast, premature mortality declined substantially across all age groups in
Hispanic individuals (up to 3-2% per year), black individuals (up to 3-9% per year), and
Asians and Pacific Islanders (up to 2:6% per year; figure 1F-H). Mortality also declined
with each subsequent birth cohort since the late 1930s for these groups, consistent with
trends in Canada and in England and Wales. However, mortality increased for each
subsequent birth cohort since 1948 in American Indian and Alaska Native men and women,
for each post-1970 birth cohort in white women and men, and for the 1950-62 birth cohorts
for white women (appendix pp 31, 32).

In 2011-14, American Indians and Alaska Natives had the highest mortality across age
groups, followed by black individuals (figure 2). Asians and Pacific Islanders had the lowest
premature mortality across all age groups (figure 2; appendix pp 10-11).

Figures 3-5 show absolute changes in mortality from 1999-2002 to 2011-14 for the ten
most common causes of death in 2011-14 in each subgroup (full data in appendix pp 13-
28). Among white individuals, mortality increased in 25-39-year-old men and women and in
40-49-year-old women from 1999-2002 to 2011-14 (figure 3A; appendix pp 13-16). In
those aged 25-49 years, these increases resulted in an estimated 47 000 excess deaths in men
and 64 000 excess deaths in women during 2000-14. Mortality due to accidental deaths and
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suicide increased in all age groups and both sexes, and contributed strongly to the increases
in excess premature deaths. Decreases in all-cause mortality for 50-64-year-old men and
women were largely driven by declines in mortality caused by cancer and heart disease
(figure 3A), resulting in a reduction of 175 000 deaths in white men and 135 000 deaths in
women during 2000-14.

For Hispanic individuals, the largest declines in premature mortality for both men and
women in all age groups were for HIV deaths in 25-39-year-old and 40-49-year-old men,
reductions in cancer deaths in 25-39-year-old and 40-49-year-old women, and decreases in
heart disease deaths in 50-64-year-old men and women (figure 3B; appendix pp 16-18).
Mortality declines in Hispanic individuals aged 25-64 years translated to a substantial
reduction in deaths (76 000 fewer deaths in men and 36 000 fewer deaths in women) during
2000-14.

Black individuals had the largest absolute declines in premature mortality, with the largest
reductions observed for HIV deaths in 25-39-year-old and 40-49-year-old men and in 25—
39-year-old women, declines in cancer deaths in 40-49-year-old women, and decreases in
heart disease deaths in 50-64-year-old men and women (figure 4A; appendix pp 18-22). In
those aged 25-64 years, 202 000 deaths in men and 108 000 deaths in women were averted
during 2000-14. However, mortality in both black men and women remains 1-5 times higher
than that in white individuals in 2011-14 (figure 2).

In Asians and Pacific Islanders, mortality decreased in both sexes, all three age groups, and
most causes of death (figure 4B; appendix pp 22-25). The largest declines were in cancer
deaths in 25-39-year-old and 40-49-year-old men and in 40-49-year-old and 50-64-year-
old women, accidental deaths in 25-39-year-old women, and heart disease deaths in 50-64-
year-old men. Among those aged 25-64 years, mortality reductions during 2000-14 resulted
in 17 000 fewer deaths in men and 17 000 fewer deaths in women.

For American Indians and Alaska Natives, large increases in mortality were seen in all age
groups, except for 50-64-year-old women (figure 5A; appendix pp 25-28). Death rates in
individuals aged 25-49 years increased for most major causes of death, resulting in an
estimated 3000 excess premature deaths in men and 3600 such deaths in women during
2000-14. In individuals aged 50-64 years, 2200 excess deaths occurred in men, whereas 700
fewer deaths than expected occurred in women. The greatest absolute increases in mortality
were due to accidents in men and chronic liver disease and cirrhosis in women across all age
groups. By contrast with most other racial and ethnic groups, decreases in heart disease
mortality were not observed in American Indians and Alaska Natives aged 25-49 years.

Across all racial and ethnic groups combined, overall premature mortality in the USA was
lower in 2011-14 (326-3 per 100 000) than in 1999-2002 (362-5 per 100 000) in all three
age groups and both sexes (figure 5B), mainly because of declines in cancer, heart disease,
and HIV deaths. However, mortality due to suicide and accidents increased across all age
groups for men and women.

Unintentional poisoning deaths were the main factor contributing to increases in accidental
death rates in white individuals and in American Indians and Alaska Natives (figure 6).
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From 1999-2002 to 2011-14, age-adjusted mortality for accidental poisoning deaths for 25—
49-year-olds rose among men and women in these two racial and ethnic groups. Smaller
increases also occurred in Hispanic and Asian and Pacific Islander men, and in Hispanic,
black, and Asian and Pacific Islander women. Absolute accidental poisoning mortality was
highest in American Indian and Alaska Native men (64-1 deaths per 100 000) and women
(35-8 per 100 000), and in white men (35:6 per 100 000) and women (19-4 per 100 000;
appendix p 33). Most poisoning deaths across racial and ethnic groups were caused
specifically by drug poisonings (ie, overdoses), ranging from 68% in American Indians and
Alaska Natives to 95% in white individuals in 2011-14. By contrast, mortality due to motor
vehicle accidents declined in all groups.

In white individuals aged 25-49 years, state-specific rates of all-cause and accidental death
varied considerably across the USA. In 2011-14, West Virginia had the highest all-cause
mortality (380-8 per 100 000 in men and 229:7 per 100 000 in women) and accidental
mortality (137-9 per 100 000 in men and 64-3 per 100 000 in women; figure 7). Kentucky
had the second highest accidental mortality in men (107-0 per 100 000) and women (53-0
per 100 000), and all-cause mortality in men (338:2 per 100 000), and Alabama had the
second highest all-cause mortality in women (209:2 per 100 000). In 2011-14, Washington,
DC, had the lowest all-cause mortality (72-2 per 100 000 in men and 48-9 per 100 000 in
women) and accidental mortality (16-9 per 100 000 in men and 6-9 per 100 000 in women).
Compared with 1999-2002, all-cause mortality increased in 43 states among women and 30
states among men, and accidental death rates increased in 50 states among women and 48
states among men.

Discussion

Widespread medical and public health advances have reduced premature mortality in the
USA and worldwide. Indeed, our findings show that mortality due to major chronic diseases
has decreased in the USA since 1999, and overall premature mortality has declined for
Hispanic individuals, black individuals, and Asians and Pacific Islanders, similar to overall
trends in Canada and England and Wales. By contrast, increases in premature mortality in
the early 21st century occurred in multiple age groups in white men and women and in all
age groups examined in American Indians and Alaska Natives. Increasing rates of accidental
deaths, primarily resulting from drug poisonings, and suicide have largely negated the
substantial progress achieved in prevention of premature death from heart disease, cancer,
and HIV.

In 2015, Norheim and colleagues® concluded that a 40% reduction of premature mortality
before age 70 years—a UN Sustainable Development Goal for 2016—-30—will be feasible
with a primary focus on prevention of non-communicable diseases. In the USA, major
progress has been made in reducing chronic disease mortality in most racial and ethnic
groups and age groups. Declines in deaths caused by cancer and heart disease, which
accounted for nearly half of all premature deaths in the USA in 2014, have been particularly
striking. The decrease in cigarette smoking (from 25-5% in 199011 to 16-8% in 201412) has
contributed to these declines, since nearly one-third of all cancer deaths and 25% of
coronary heart disease deaths are attributable to smoking.13:14 Other contributing factors
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include improvements in cancer treatment and early detection,® blood pressure and
cholesterol control, and heart disease treatment.16:17 However, heart disease mortality
actually increased in 20-49-year-old white women and American Indian and Alaska Native
men and women, indicating the need for additional prevention efforts in these populations.
Decreases in HIV deaths have had a large impact on mortality in younger age groups,
particularly in black and Hispanic individuals, because of modern HIV therapies improving
survival 18

Unfortunately, substantial increases in accidental deaths, primarily resulting from drug
poisonings, in the USA have completely negated the progress made in the prevention of
chronic disease death in some groups; in Canada and England mortality from accidental
deaths continue to decline. Worldwide, the USA has the highest per-capita use of
prescription opioids.1® In 2013, the USA also had the fourth highest opioid-related mortality
in the world among individuals aged 15-49 years, with rates more than twice those in
Canada and England,2° although increasing rates of drug poisoning deaths have also been
reported in these countries in recent years.5-21 Mortality due to drug poisonings in the USA
more than doubled between 2000 and 2014; an average of 129 drug poisoning deaths per
day were reported in 2014, with 61% of these deaths involving opioids.?2 Mortality
increased across opioid types from 2013 to 2014, including natural and semisynthetic opioid
pain relievers (eg, morphine, oxycodone, and hydrocodone; 9% increase), heroin (26%
increase), and synthetic opioids other than methadone (eg, fentanyl; 90% increase).2? In this
study, we showed that increasing accidental deaths were the largest contributor to increasing
mortality in white individuals and American Indians and Alaska Natives. For white
individuals, this increase is consistent with data showing a high prevalence of past-year
heroin use or dependence and prescription opioid use disorders, and more rapid increases in
opioid-analgesic poisoning deaths compared with non-white populations.23-25 Increases in
accidental deaths are seen across the USA, but trends in several states (eg, West Virginia and
Kentucky) are particularly concerning. These results are consistent with geographical
heterogeneity in opioid prescription patterns and substantial increases in county-level drug
poisoning mortality.26:27 Although not examined here, results from a 2016 study28 have also
shown notable geographical differences in life expectancy by income. We also found that
suicide mortality has increased in white, American Indian and Alaska Native, and Asian and
Pacific Islander populations across both sexes, and suicide is the only major cause of death
that is increasing across sex and age groups in Asian and Pacific Islanders.

In our study, mortality in middle-aged American Indians and Alaska Natives has increased
for every birth cohort since 1948, consistent with a report2? showing increasing overall
mortality since the mid-1980s following declines for most of the 20th century. Our analysis
showed that the largest absolute increases were attributable to accidental deaths and deaths
due to chronic liver disease and cirrhosis. Increases in accidental deaths parallel the
increases in heroin overdose deaths and sustained high rates of death due to use of opioid
pain relievers in 2010-12 among American Indians and Alaska Natives.3? The high
mortality in these ethnic groups have been attributed to several factors—high levels of
poverty and unemployment, low education attainment, and low prevalence of health-care
coverage, as well as the history of tribal devastation.3132 Inadequate funding of Indian
Health Services between the expiration of the Indian Health Care Improvement Act in 2000

Lancet. Author manuscript; available in PMC 2018 March 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shiels et al.

Page 9

and its permanent reauthorisation under the Affordable Care Act in 2013 might have
contributed to increasing mortality.33 Furthermore, although 82% of Indian Health Services
and tribal facilities provide some mental health care, none provide inpatient psychiatric
services, leaving an enormous care gap for those needing inpatient drug and alcohol
rehabilitation and suicide prevention services.34:35 Additionally, during 200010, the
prevalence of smoking and obesity was high in American Indians and Alaska Natives,
although these rates varied greatly by region.32

Mortality was consistently lowest in Asians and Pacific Islanders, and Hispanic individuals,
although substantial heterogeneity by country of origin has been reported.38:37 The largest
declines in mortality were seen in black individuals, consistent with a narrowing of the life
expectancy gap between black and white individuals from 59 years in 1999 to 3-6 years in
2013.38 These declines in premature mortality in the black population resulted in roughly
300 000 fewer deaths in 2000-14 than would have been expected based on 1999 death rates.
In spite of these declines, mortality remains high, and further effort is needed to address
health disparities.

The main strengths of this study are the comprehensive analysis of premature mortality
across age groups, sex, race and ethnicity, and cause of death, as well as the use of age-
period-cohort modelling to estimate changes in mortality over calendar period and birth
cohort. Strong birth cohort effects showed alarming increases in mortality with each
subsequent generation of American Indians and Alaska Natives born since 1948 and white
individuals born since 1970, with accidental deaths having the most profound impact on
recent birth cohorts. The main limitation of this study is the reliance on race and ethnicity
data typically recorded by funeral directors on death certificates, as opposed to US Census
data that estimate population size of each racial and ethnic group from self-report.3°
However, racial misclassification on death certificates has been reported to be negligible in
white and black individuals, and very minor (3%) in Hispanic individuals and in Asians and
Pacific Islanders;39 thus, the possibility that the strong mortality trends reported here are
driven by changes in racial misclassification over time is implausible. By contrast,
misclassification is more pronounced for American Indians and Alaska Natives;840 thus, we
restricted our analysis to counties in Contract Health Services Delivery Areas where
identification on death certificates is more accurate, although this approach excluded 35% of
people in these populations.® Improvement in classification of American Indians and Alaska
Natives on death certificates over time could have contributed to increasing mortality trends.
However, mortality increases are unlikely to be solely attributable to changes in
classification, in view of the magnitude of the increase and the disparate trends for different
causes of death. Differential misclassification for specific causes of death by racial and
ethnic groups have been documented and might contribute to absolute mortality, but it would
have to have become more pronounced over time to have driven the trends observed in our
study.#!

Mortality increases of 2-5% per year are rarely observed in developed countries. The
magnitude of such increases is as large as those in two public health emergencies in the past:
the substantial mortality increases in Russia during the 1990s#2 and increases in mortality in
individuals aged 20-40 years at the height of the AIDS epidemic (mid-1980s to mid-1990s)
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in the USA.#3 The increases noted here are largely from potentially preventable causes of
death—most notably, drug poisoning, and this epidemic is being addressed by several
federal agencies. In 2013, the CDC released new opioid prescription guidelines to encourage
more conservative prescribing and decrease the risk of overdose and addiction.*4
Additionally, the US Department of Health and Human Services has identified priorities to
combat opioid abuse, including increased safe prescribing practices, expanded use of
naloxone to reverse opioid overdoses, and expansion of Medication-Assisted Treatment.*>
Although in 2014 the Affordable Care Act made substance use disorder services an essential
health insurance benefit, integration of mental health care and treatment for substance use
disorders into traditional medical services is needed to reduce deaths from drug poisoning
and suicide.%6 However, the effectiveness of these policy initiatives remains to be
determined.

Our findings show that premature mortality trends in the USA are divergent. Although
substantial success has been achieved in the prevention of deaths caused by chronic and
infectious diseases, and in the reduction of premature mortality in Hispanic individuals,
black individuals, and Asians and Pacific Islanders, large increases in mortality have
occurred in young and middle-aged white individuals and American Indians and Alaska
Natives. These findings lead to a sobering conclusion: the goal of reducing premature
mortality by 40% before 2030 is unlikely to be achieved in the USA if present trajectories
continue. Aggressive efforts are urgently needed to reduce premature deaths by targeting
emerging, but potentially preventable, causes of death—primarily drug poisonings, suicide,
and chronic liver disease and cirrhosis—in addition to continued efforts against cancer and
heart disease, and through expanded access to quality medical care for prevention and
treatment of chronic disease, mental illness, and substance use disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Estimated annual percentage change in all-cause mortality by age and sex in (A)
Canada, (B) England and Wales, (C) the USA, and (D-H) various racial and ethnic groups in the
USA, 1999-2014

Error bars represent 95% Cls.
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Figure 2. Age-standardised mortality by calendar period, stratified by age group and race and
ethnicity in (A) men and (B) women, 1999-2014

Al/ANs=American Indians and Alaska Natives. APIs=Asians and Pacific Islanders.
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Figure 3. Absolute change in all-cause and cause-specific age-standardised mortality in (A) white
individuals and (B) Hispanic individuals, by sex and age group, 2011-14 vs 1999-2002

Absolute changes in mortality for the ten most common causes of death in 2011-14 are
shown for each subgroup. COPD=chronic obstructive pulmonary disease.
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Figure 4. Absolute change in all-cause and cause-specific age-standardised mortality in (A) black
individuals and (B) Asians and Pacific Islanders, by sex and age group, 2011-14 vs 1999-2002

Absolute changes in mortality for the ten most common causes of death in 2011-14 are

shown for each subgroup. COPD=chronic obstructive pulmonary disease.

Lancet. Author manuscript; available in PMC 2018 March 11.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Shiels et al.

Page 17
A American Indians and Alaska Natives
25-39 years 40-49 years 50-64 years
Al causesof death | [EGSS Allcauses of death | [ <1200 Al causes of death | L e
Cancer _704& Cerebrovascular diseases | [1-5: Heart disease |-23%6 ]
Pneumonia and influenza 7 é +13 Cancer §i Cerebrovascular diseases h 37 é
Septicaemia | | +1.8 Ii-defined conditions | Diabetes | -23}
l-defined conditions | || +25 Other infectious and parasitic diseases | Suicide | {29
é Homicide: +27 Homicide: Peumoniaand inﬂuenza: 433
Heartdisease | {1 +61 Diabetes | +141 Cancer 461
Diabetes ) 468 Chronic liver disease and cirrhosis +17:2 Chronic liver disease and cirrhosis ) 0 s115
siade | 10 +78 Suicide | 218 cor | 28
Chronic iver disease and cirthosis | | +152 Heart disease | +234 Other infectious and parasitic diseases | i 58
Accidents ] __ Accdents | 431 Accidents | E 4461
Allcavsesof death | [ <579 Allcauses of death | S5 Allcauses of death | {+23
Homicide |25} Cerebrovascular diseases Heartdisease [-22.6 |
Cancer |16} Other infectious and parasitc diseases | | Cancer [19.97}
Complications of pregnancy | NE Cancer | {426 Diabetes 17217
- li-defined conditions | {] +24 svicide | {435 Cerebrovascular diseases | -97 ||
g Septicaemia | J]+27 Preumoniaand influenza | J] 451 Nephiitis | 70 [}
= suide | |1 455 Septicaemia | | 455 Septicaemia | s
Heart disease ) E +5:6 Diabetes ] i +8.0 Other infectious and parasitic diseases ) E +74
Diabetes: +57 Heartdisease: +185 copn: +7:8
Accidents | 1 +11:8 Accidents | | +247 Accidents | i +88
Chronic ver isease and cinhosis | {100] +121 Chronicliver disease and irthosis | | 4356 Chronic lver disease and cirthosis | 0 232
40 0 10 20 30 40 50 60 70 410 10 30 50 70 90 110 130 -40 20 0 20 40 60 80 100
Absolute change in mortality Absolute change in mortality Absolute change in mortality
(per100000) (per100000) (per 100000)
B USA (total population)
25-39 years 40-49 years 50-64 years
Al causesof death | ESEIIN Allcauses of death |-62.5 N Allcauses of death | EGEE I
HIV | 93 Cancer Heart disease -70-4
Ill-defined conditions | 2.4 Heart disease | Cancer | 585
Cancer | 22 | Cerebrovascular diseases |
Homicde | -13 Hl-defined conditions | corp|
g Heartdiscase | -08 Chronic verdisease and cirhos's | Diabetes |
Cerebrovascular diseases -03 Cerebrovascular diseases Septicaemia

Women

Chronic liver disease and cirrhosis
Diabetes
Suicide

Accidents

Al causes of death |
Cancer |
Homicide |
Ii-defined conditions |
Cerebrovasculardiseases |
Heart disease )

Diabetes

Chronic liver disease and cirrhosis
Complications of pregnancy |
Suicide i

Accidents

Absolute change in mortality
(per 100000)

Homicide
Diabetes
Accidents

Svicide |

Al causes of death |
Cancer |
Cerebrovascular diseases |
Heart disease ]
Diabetes ]
Pnevmoniaand influenza |
COoPD
Septicaemia
Chronic liver disease and cirrhosis
Suicide i

Accidents

-8

0

— 1 T 1 I 1
-60 -40 -20 0 20

Absolute change in mortality

(per 100000)

Other infectious and parasitic diseases
Chronic liver disease and cirrhosis
Suicide

Accidents |

All causes of death |
Cancer |
Heart disease |
Cerebrovascular diseases b
Diabetes 7
copp |
Nephritis
Septicaemia
Suicide |
Chronic liver disease and cirrhosis |

Accidents

L S S S—
-100 -75 50 -25 0 25

Absolute change in mortality
(per 100000)

Figure 5. Absolute change in all-cause and cause-specific age-standardised mortality in (A)
American Indians and Alaska Natives and (B) the total US population, by sex and age group,
2011-14 vs 1999-2002

Absolute changes in mortality for the ten most common causes of death in 2011-14 are
shown for each subgroup. COPD=chronic obstructive pulmonary disease. NE=not estimable.
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Figure 6. Absolute change in age-standardised mortality for accidental deaths in individuals
aged 25-49 years, by cause of death, sex, and race and ethnicity, 2011-14 vs 1999-2002

NE=not estimable.
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Figure 7. Age-standardised all-cause and accidental mortality in white men and women aged 25—
49 years, by US state, 1999-2002 and 2011-14

Mortality scales are different by sex and between all-cause and accidental deaths.
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