L))

Check for
updates

Original Article

Trends in population mortality rates in the United States from 1969
to 2017

Yihe Wu', Shenhu Gao', Yuwei Zhou', Chengli Du', Rong Yang’

'Department of Thoracic Surgery, the First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China; “Department of
Radiology, the First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China

Contributions: (I) Conception and design: R Yang; (II) Administrative support: Y Wu, R Yang; (III) Provision of study materials or patients: None; (IV)
Collection and assembly of data: S Gao, Y Zhou, C Du; (V) Data analysis and interpretation: Y Wu; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Rong Yang, MD. Department of Radiology, the First Affiliated Hospital, Zhejiang University School of Medicine, #79 Qingchun
Road, Hangzhou 310003, China. Email: dryangrong@zju.edu.cn.

Background: Fundamental transformations in overall population health have occurred in the past five
decades and are continuing. Our aim in this study was to characterize the trends in population mortality rates
in the United States (U.S.) from 1969 to 2017.

Methods: Data on the 109,836,044 deaths registered in the Surveillance, Epidemiology, and End Results
(SEER) database were analyzed by sex, race and ethnicity, and age. Temporal trends in population mortality
rates were examined from 1969 to 2017. All data analyses were performed using the SEER*Stat software.
Results: The overall mortality rate for males and females in the U.S. per 100,000 population fell by 46.1%
and 39.3%, from 1,610.0 and 1,019.3 in 1969 to 867.2 and 619.2 in 2017, respectively. This decline in overall
mortality was mainly attributable to a decrease in mortality caused by heart and cerebrovascular diseases.
From 1969 to 2017, the overall mortality rate was higher in males than females, and in blacks than whites for
both sexes. From 1979 to 2017, the mortality rates of heart diseases, cerebrovascular diseases, and diabetes
were all higher in blacks than in whites for both sexes.

Conclusions: The results indicate that the U.S. has dramatically reduced its overall annual mortality rate

between 1969 and 2017; however, the disparities among different races are still apparent.
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Introduction numbers of deaths and analyze the national age-adjusted

mortality rates between 1969 and 2017 in the United

The causes of human death have always been a concern . .
¥ States (U.S.). This data can be an important source of

among clinicians and the public. Understanding the public health information when data on disease incidence

changes in the causes of death over the past five decades is
worthwhile for reducing the overall mortality. Fundamental
transformations in overall population health have occurred
in the past five decades and are continuing. However, few
studies have systematically documented these transitions

at the national levels (1). In this article, we provide the
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are unavailable, helping public health professionals and
policymakers understand the national health priorities in
every country.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2835).
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Methods
Mortality data
The Surveillance, Epidemiology, and End Results

(SEER) database is an open-access resource for cancer-
based epidemiology and survival analyses, which also has
mortality data for all diseases. The U.S. mortality data,
collected and maintained by the National Center for Health
Statistics (NCHS), can be analyzed using the SEER*Stat
software. The NCHS granted the SEER program limited
permission to provide the mortality data to the public.
The data on mortality for all diseases were collected
from the SEER Database of Mortality-All cause of death
(COD), Aggregated Total U.S. [1969-2017] <Katrina/Rita
Population Adjustment>. The underlying mortality data
are provided by the NCHS (www.cdc.gov/nchs). The data
includes all causes of death, not just cancer deaths. A total
of 109,836,044 deaths from 1969 to 2017 are registered in
this database.

Causes of death were classified according to the
International Classification of Diseases (ICD) (2). All
cancer cases were classified according to the Site Recode

ICD-0O-3/ World Health Organization (WHO) 2008 (2).

Statistical analysis

Mortality rates and 95% confidence intervals (CI) were
age-adjusted using the 2000 U.S. Standard Population and
were expressed per 100,000 person-years (2,3). Annual
rates are represented graphically as trends. Temporal
trends in disease mortality rates were examined, and
separate analyses were conducted for males and females.
We also calculated the age-adjusted mortality rates
according to race/ethnicity (white, black, and other)
and age group (birth to 39, 40-49, 50-59, 60-69, and
>70 years) (4,5). All data analyses were performed using
the SEER*Stat software version 8.3.6 (2,3).

Ethical considerations

Ethical approval was exempted by the Medical Ethics
Committee of the First Affiliated Hospital, Zhejiang
University School of Medicine (Hangzhou, China),
as SEER is a publicly available database, and the data
extracted from SEER were identified as a non-human
study. All patient data were anonymized. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013).
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Results
Trends in disease mortality rates by sex

The mortality and percentage changes from 1969 to 2017
of the 20 leading causes of death in the U.S. in 2017 are
shown in Table 1. From 1969 to 2017, the mortality rates
of all causes of death were higher for males than females
(Figure 1), and had declined continuously in both sexes
(Figure 1). The male and female mortality rates of all causes
of death fell by 46.1% and 39.3%, from 1,610.0 and 1,019.3
(per 100,000 population) in 1969 to 867.2 and 619.2 (per
100,000 population) in 2017, respectively (Table 1 and
Figure I). Heart diseases, accidents and adverse effects,
chronic obstructive pulmonary disease and allied conditions,
cerebrovascular diseases, as well as lung and bronchus
cancers (in males) or Alzheimer’s (in females) were the five
leading causes of death in 2017 (Zable 1 and Figure 24,2B).
Although it remained the leading cause of death among
both sexes in the U.S. from 1969 to 2017, the age-adjusted
mortality for heart diseases in males and females dropped
by 68.6% and 68.0%, from 668.2 and 404.4 (per 100,000
population) in 1969 to 209.6 and 129.4 (per 100,000
population) in 2017, respectively (Ziable 1 and Figure 24,2B).
Similarly, from 1969 to 2017, the cerebrovascular disease
mortality rate decreased by 77.3% and 75.3%, from 168.4
and 147.9 (per 100,000 population) to 38.2 and 36.6 (per
100,000 population), in males and females, respectively
(1able 1 and Figure 24,2B).

By contrast, in 2017, accidents and adverse effects had
become the second leading cause of death among males and
the fifth leading cause of death among females (Table ).
The age-adjusted mortality rate for accidents and adverse
effects in males had risen by 37.8%, from a minimum of
49.2 (per 100,000 population) in 2000 to 67.8 (per 100,000
population) in 2017 (Table 1 and Figure 2A). Similarly,
in females, the mortality rate for accidents and adverse
effects had increased by 53.1%, from a minimum of 20.9
(per 100,000 population) in 1992 to 32.0 (per 100,000
population) in 2017 (1able 1 and Figure 2B). The age-
adjusted mortality rate for suicide and self-inflicted injury in
males rose by 26.6%), from a minimum of 17.7 (per 100,000
population) in 2000 to 22.4 (per 100,000 population) in
2017, and increased by 52.5% in females, from a minimum
of 4.0 (per 100,000 population) in 1999 to 6.1 (per 100,000
population) in 2017 (Table 1 and Figure 2). Surprisingly,
the Alzheimer’s disease mortality rate increased in males
(Figure 2A4) and females (Figure 2B) by 4,900.0% and
8575.0%, from 0.5 and 0.4 (per 100,000 population) in
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Figure 1 Trends in the overall mortality rates [1969-2017] by sex, United States. Rates are age-adjusted to the United States standard

population in 2000.

1979 to 25.0 and 34.7 (per 100,000 population) in 2017, and
was the seventh and fourth leading cause of death in 2017,
respectively.

The male age-adjusted mortality rate for chronic
obstructive pulmonary disease and allied conditions
dropped by 23.4%, from a peak of 59.0 (per 100,000
population) in 1999 to 45.2 (per 100,000 population) in
2017. However, this rate increased in females by 383.5%,
from 7.9 (per 100,000 population) in 1969 to 38.2 (per
100,000 population) in 2017, with no downward trend
(Table 1 and Figure 24,2B). Although mortality due to lung
and bronchus cancers in males dropped by 50.9%, from a
peak of 90.6 (per 100,000 population) in 1990 to 44.5 (per
100,000 population) in 2017, and decreased by 26.4% in
females, from a peak of 41.6 (per 100,000 population) in
2002 to 30.6 (per 100,000 population) in 2017, it remained
the leading cause of cancer death for both sexes in 2017
(Table 1 and Figure 24,2B). Malignant cancers of the lung

© Annals of Palliative Medicine. All rights reserved.

and bronchus, prostate, and colon and rectum were the
three leading causes of cancer death in males in 2017
(Table 1). The same trend was found in females, except that
breast cancer replaced prostate cancer (Table 2).

Trends in disease mortality rates by vace and ethnicity

The age-adjusted mortality rate changes in different races
and ethnicities from 1969 to 2017 were also analyzed
(Tables 2,3). The mortality rates of all causes of death were
higher for blacks than whites, irrespective of sex, from 1969
to 2017 (Figure 3). From 1979 to 2017, blacks had higher
mortality rates than whites in three major chronic diseases
(heart diseases, cerebrovascular diseases, and diabetes
mellitus) for both sexes (Figure 44-4C).

The top three causes of death in 2017 in white males
were heart diseases, accidents and adverse effects, and
chronic obstructive pulmonary disease and allied conditions

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835
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Figure 2 Trends in the mortality rates [1969-2017] of the 10 leading causes of death by sex, United States. Rates are age-adjusted to the

United States standard population in 2000. Males (A). Females (B).

(1able 2 and Figure S1A). The top three causes of death in
2017 in black males and males of other races and ethnicities
were heart diseases, accidents and adverse effects, and
cerebrovascular diseases (ZTable 2 and Figure S1B,S1C). The
top three causes of death in 2017 in white females were
heart diseases, chronic obstructive pulmonary disease and
allied conditions, and Alzheimer’s (Table 3 and Figure S2A).
The top three causes of death in 2017 in black females
were heart diseases, cerebrovascular diseases, and diabetes
mellitus (Zable 3 and Figure S2B). The top three causes of
death in 2017 in females of other races and ethnicities were
heart diseases, cerebrovascular diseases, and Alzheimer’s

© Annals of Palliative Medicine. All rights reserved.

(1able 3 and Figure S2C).

Trends in disease mortality rates by age intervals

In addition, the age-adjusted mortality rate changes in
different age intervals from 1969 to 2017 were also analyzed
(Tables S1,S2). Mortality rates among males were higher
than those among females across all age intervals from 1969
to 2017 (Figure 5). The top three causes of death in males
aged between birth and 39 years in 2017 were accidents
and adverse effects, suicide and self-inflicted injury, and
homicide and legal intervention (Table S1 and Figure S3A),

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835


https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-2835-Supplementary.pdf

11041

Vol 10, No 10 October 2021

icine,

Annals of Palliative Med

(panurzu0) g S1qey,

%9’ Le- zi8'ol Gel'9 (L1v2D)oL (6'6-1'6) L'6 0c 6l ewoydwiA
%8'6L— 1680k GlLG'S (67291 L2 (6'6-€'6) 96 6l e Jeoued Jeppe|q Areun
%G'92— 960°CL 09, (8'8-7'8) 98 ©zci-v'LL) L1t LL 8l elweynaT
oseasIp
%€'0E 0S0°CL 882'¢ (2'8-7'8) 9'8 (6'9-7'9) 99 Ll Se HEsY Inoyum uoisuspadAH
SuoI}IpPuUOd
%6y~ 6152l gel'ol (5'6-2¢'6) €6 (2'91-091) €91 9l vl paulep-|il pue subis ‘swoidwAg
%¢2'2eS 006°GL zee’t FL-oLy et (0z-218L o] L€ ejweondag
%G9 Ges'6l 1€8'8 (cel-8ch oel evi-9el) 6cl 4 Lt JeoueD oljeaioued
sisolydau
%119 78102 8le'g Lri-evL) SrL (c6-2'8) 06 el €2 pueswoipufs opoiydeu ‘spuyden
%6'06~ Lse'ee zIs'ol (9's51-2'SH) ¥'SL (L'2z-0ca) €ce 4! L SISOU.IIO pUE SSESSIP JOAl| D1UOIYD
%8'€G— Li8‘ce L1€'02 (8'SL-¥'GL) 9'GL (e've-cee) 8ee L Yl SJeoUed WNjo8l pUEB UOJ0D
%2 ¢l vSv'ee v8v'Le (991-L9) g9l (r'65-6'29) 285 o] S Bzuanjjul pue eluownaud
%.°96— 189'v¢ GoE' YL (081-g21)8LL (9'82-9°22) L'82 6 6 Jsoueo eyejsold
%.'8 €6£'9¢ 7L9'EL (e'se-Lv2) 062 (r'ez-922) 0°ee 8 ok snyllew sejeqeld
%L've €98°2¢ €88'7L (r'se-6v2) 2’52 (2'02-002) €'02 Yl 2k Ainfur pejoijul-yes pue epioing
- 868°cE - (¢'9z-152) 6'Ge - 9 - sJswieyz|y
%8 L.~ ovL‘0S 129'l8 (2'98-0'9¢) v'9¢ (1'g91-9'291) 8'€91 S I SOsessIp Je|nosenoigale)
%9°06~ 102’29 GeT'SY (Osr-€vv) L'vy (1'59-8'€9) ¥'¥9 4 4 S190UED SNyouoiq pue BunT
SUOI}IPUOD pal||e pue asessIp
%6'L1 €29°29 160'Ge (8 Ly-0L¥) v’ LY (L'ov-L68) OV € 9 Areuownd 8AONIISQO DIUOIYD
%8'02— v6.°16 G00'89 (G'12-9°02) 012 (¢'06-8'88) 9'68 4 € S1094J9 9SISAPE PUE SIUSPIOdY
%0'69— 200'562 9€6'€8¢ (r'602-6°202) 2802 (r'529-8°029) L'€29 L L sosess|p YesH
%e'Sr— Liv'eLe't 180'S¥6 (G'998-1'€98) 0°G98 (608G L-0'72G°L) G'22G°L U¥esp JO Sasneo ||y
Se[ew s}yYM
(6961 “s/ £102) Auerow 1102 6961 1102 6961 1102 6961 cosnE0 [1y

Ul ebueyd aAie|ey

1UNo9o yreeq

(1D %G6) o1es Ayjepow paisnipe-oBy

sues AyreHop

SIS PATU) “AIDTUYID PUE 9JBI Aq SITRUT UT YIBAP JO SISNELD SUIPLI] ()T Y2 JO [£ 107696 1] S98ueyo aex Aferio|y g d[qe],

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835

© Annals of Palliative Medicine. All rights reserved.



Wau et al. Trends in population mortality rates in US

11042

(ponurzu0) 7 31qe],

(AIH)

- 200'c - (0oL-16) 56 - 0z - snuiA Aousloljepountuwl Uewny
%12 90l'e 2e9'e (So1-96) L'Ok (9'26-8'v¢€) ¢'9¢ 6l 6 SISOUIIO pUE 9SESSIP JOAI| DIUCIYD
%00k Ler'e 708 (F'L-g0L 0LL (2’01-€6) 001 8l e Ainfur pejoiul-yes pue spioing
%609 1622 6EY ©1L1-9°01) L'LL (9°2-2'9) 69 Ll (0] 1o0UEDd JOAIT
SuoI}IpPuUod
%€'28~ 9g€ee 18/ eel-Lgh Lk (ev,-569) 8°LL 9l Vi pauyap-||l pue subis ‘swoydwAg
%.6— 209 800°L (Ggi-ev) 6wt (9 21-v's1) g9t Gl 8l Jaoueo oljesioued
%0'6.~ zel'e 6.6'S (6'81-G21) 28l (c'68-0'78) 9'98 4! 4 BZUSN|jUI PUE EBlUOWNSUY
osessIp
%90k 926'c 810t (5'61-081) 881 (c'8L-6'GL) 0'LL el Lt Heay Jnoyum uoisuenadAH
%8'CLe 060°c 18¢ (1'oc-281) v'6L (e'g-Lv) L'y 4! ce ejweondeg
%L LL— 208‘e G8s'L (0ez-s'1o) ece (982-2'520) 112 L el SJ90UEBD WIN}O8I PUB UOJ0D
- 20s°'c - (r'ez-912) 622 - oL - sJoweyz|y
sisoJydau
%51 L6S'y 905"} (6'0€-0'62) 6'62 (0'9z-z€2) 912 6 9l pue swoipuAs onoiydsu ‘spuydeN
%2 LS G90'S Sov'e (r'2e-€'g¢) v'9¢ (c'es-8'L¥) 0°0S 8 8 Jaoued 9jeIsoid
SUOI}IPUOD pal||e pue asessIp
%G'9Y 269'S 629t (1'6€-0°28) L'8€ (r'22-9'v2) 0'92 . 4 Areuow|nd 8AONIISAO DIUOIYD
%1°0G— 7268 €929 (e'6e-2728) '8¢ (062~2G)) 1'12 9 S uonuaAJBlul [eBa] pue SpIoILIOoH
%29 L9, 206°L (L'9v-Gvv) 9'Gp (L'gce-Lr62) T LE S LE snyjjaw seleqelq
%.'8¢~ Geg's v16'y (rres-1'1L9) ¢es (rsL-oLl)eeL 14 9 S190UBD SNYOUOIG pue BunT
%8'v.— 0298 796 L1 (1'85-9'GS) 6'9 (0'0€2-0"122) §'See € 4 SOSESSIp JB|NOSBACIGRISD
%097~ 16LYL gee'LL (0°02-9°29) 8'89 (coet-6v2L) L2k 4 € S}09Y}0 9SISAPE PUE SUSPIOdY
%9'65~ ¥80°2Y 285'Ge (5'292-2'LS2) 8'65C (1'169-€'9¢€9) L'€¥9 L L sesessIp YeoH
%6'GY— 8LE'LLL €v0'22k  (9'€90°1-0'€S0°L) €'850°L (6°696°L-G'G¥6°L) L2156 L yieap Jo sesneo ||y

S9lew Xoe|g

(6961 "1 2102) Auepiow L102 6961 1102 6961 2102 6961 s8N0 1y

ul ebueyd aAiejey

JUN0d yieaq

(10 %S6) o1es Ayepow pejsnipe-sby

Mues AjjepoN

(panurzu0) 7 1qer,

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835

© Annals of Palliative Medicine. All rights reserved.



11043

Vol 10, No 10 October 2021

icine,

Annals of Palliative Med

"[eAJB1UI ©OUSPIIUOD ‘| "SUIBSP JO Joquinu 8y} S| JUN0D Yiea( 4oPUBIS| O1310Bd/UBISY ‘©AIIEN MV//UBIpU| UBDLIBWY Buipnjoul ‘Saijoluyle pue seoed Jaylo selousp Jeui0 ‘0002
Ul uone|ndod plepuess selelS paun eyl o} peisnipe-ebe ae pue uonendod 00‘00 | Jod aJe seyel Aljerow peisnipe-eby “eiel Aljerow peisnipe-sbe sy} Uo paseq s uey

%6°L2- 2Ly 29 (r's-sv) 6% (6'8-0'9) 8'9 6l 2z BIlaMNST
SuoI}Ipuood
%/ 18- S0S vie (e'g-v'v) 61 (1'1e-0'e2) 8'9¢ 6l Yl pauyap-||I pue subis ‘swoydwAg
%16~ 8.5 zst (r'o-v'9) 6'G (0'sz-6'61) L'€2 8l 6 JeoUEBd YorWwolg
%1€t €19 e (0'2-6'9) g9 (Ly-12ze Ll e ejwoondes
%G’ Ly~ z6. 98 (S8-v'2) 6L (8’91201 g€l 9l L JooueDd onesIoURd
oseasIp
%0'7. 99/ e (€6-1'8) 2’8 (1'2-e¢) 0'g Sl 82 HEsY Inoyum uoisuspadAH
%y LL- 79/ 79 (L'6-7'8) 06 (0vL-z'8) 601 4! 9l Jsoueo eyejsold
%/'G9~ €60t 82¢ (6'6-8'8) £'6 (0'1e-9€2) L'22 el 9 SISOU.IIO pUE SSESSIP JOAl| 2IUCIYD
%6'¢- 90t G/ (2’0L-v'6) L'OL (eel-18) ¥'oL 4! Lt 190UEd JOAIT
sisosydau
%92 696 0. (F'Li-001) 20t (e'11-8'9) 8'8 LL 4 pue swoipuAs onolydau ‘siuydeN
%ETr— 8Lt vl (€c1-601)9LL (6'c2-891) L'02 (o] LE $190UEBD WN}O8I PUE UOJ0D
%8°2E~ S6Y' L 191 (AN PRNE (90297 ¥'LL 6 zh Ainfur pajolui-j|es pue sploing
- v26 - (Ler-srp ez - ] - s Jawiayz)y
%G'69— L€'t /8¢ (L21-e's1) 29t (c69-v'L¥) L'eS yA 14 ezusnjjul pue eluownaud
SUOI}IPUOD pal||e pue asessIp
% - 7891 L€ (9'02-281) L'6L (9ve-z L1902 9 ok Areuow|nd 8AONIISAO DIUOIYD
%9°'G- 1622 991 (9'v2-922) 9'€2 (€'62-112) 0'G2 S 8 snyjjew sejeqelq
(9'8¢-5'92)

%G°0¢— 899'C vve G'le (r'6e-c'0g) 9'vE 14 S S190UBD SNYOUOIq pue BunT
%0'69— 828°C 829 (6'2e-50¢) 2'1E (©'LL1-0v6) €201 € € SOSESSIp JB|NOSBACIGRISD
%E V.- L1 zLe'L (L'ee-0'1e) 0°2e (0cet-z 2L Svel 4 4 S}09Y}0 9SISAPE PUE SUSPIOdY
%0'99— 89/°0L Lie'e (€8L1-8'€CLL) 0'OLL (9'95e-5'92¢) €' L¥e L L sesessIp YeoH
%G €5~ 162’6y G6£'8 (£'9LG-¥'209) 0°'2LS (2921 1=1"G20°1) 2°001L°} yyeap Jo sesneo ||y

sejew Joyi0

(6961 "1 2102) Auepiow L102 6961 1102 6961 2102 6961 s8N0 1y

ul ebueyd aAie|ey

JUN0d yieaq

(10 %S6) o1es Ayepow pejsnipe-sby

Mues AjjepoN

(panurzu0) 7 1qer,

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835

© Annals of Palliative Medicine. All rights reserved.



Wau et al. Trends in population mortality rates in US

11044

(panurzuod) ¢ Sqey,

%E6L— ¥6£'8 S0.'Y (Lv-S9) 9 (6'6-6'9) 2'S 02 ford sJoouURD duuBIN pue sndio)
%P LE- 229'8 €2L's (6v-L1) 8 (28902 6l 6l BlweynaT
%8'Ge- 8612l 9668 (0°2-29) 89 (801-¥"01) 901 8l LE Jaoued UeLEBAQ
%26~ ISL'6 819 (1'2-89) 69 (82-v21 9L At 9l Ainfur pajolul-jles pue sploing
aseasIp
%.'2. 961Gl LeL'e (L21v1) 9L Ov-¢9) vy 9l 9z HEsY Inoyyum uoisuspedAH
SuoI}IpuUod
%08~ v29'71 8599 (1'8-82) 0'8 (68-5'8) 2’8 Gl el peulap-||t pue subis ‘swoldwAis
SISOYMI0
%02 slz'el 7€9'8 (e'8-18) 2’8 (90L-tob €0t 14! 4! pue asessIp JaAl| dluoIyy
%1'GL9 69L°LL cro’L (7'6-1'6) €6 (el-cnel el 6¢ ejwsondeg
%S0l 891 /L1 5002 (9°6-€6) 56 (68-v"8) 9'8 zk A Jaoueo ofjessoued
sisoJydau pue
%89/ 12681 LYE'Y (001-2'6) 66 (8'6-6'9) 9 L ve awoipuAs onoiydsu ‘spuydenN
%285~ zeeoe geg'le L= et (e'22-g92) 8'9¢ oL L SI9DUED WIN}084 PUE UOJ0D
%9'G9- £z8've 6192 (6'21-521) L2l (7"28-G79¢) 6'9¢ 6 14 BZUSN|jUl PUE BlUOWNSUY
% LE- ¥06'22 6v0'61 (r's1-0gH 2'st (Lv2-0ve) eve 8 8 snyjjlsw seeqelq
%' 68— 886'cE €6€'9¢ (961-2'61) ¥'61 (rze-971e) 0'2e A S Ja0oueD seaig
%S 191 12£8S 19201 (cze-219)6'1E (rel-6 L) el 9 ol $J90UBD Snyouolq pue Bun
%66~ €20'2S 198°0¢ (Lve-1ve) v've (286-8°2¢) 2’88 g € S1094J0 8SISAPE pUE SIUSPIOdY
%1°G.- ¥¥9'02 0166 (8'ge-e°ge) 9'6¢ (8'ev1-02crl) 62Vl 14 Z S8SEOSIp JE|NOSBA0ICRI9D
- LIS - (rr9e-85¢) 1-9¢ - € - sJawieyz|y
SUOI}PUOD Pal||e pue asessIp
%1'2EV cel'elL zre'9 @2 sy (089282 4 Sl Aseuowind aAiONIISO D1UOIYD
%6°,9- 509'cSe 109°G82 (s'821-5"221) 0°82} (0'007-0°26€) G°86€ L ! seseesIp HesH
%118~ 998°G9L L £90'8¢. (e'€29-0"129) 2229 (0'166-17'986) 2886 Ureap 4o sesneo ||y
se[ews} SHYM
1102 696 1102 696 2102 696

(6961 s /102)

Ayjeuow ui abueyo aAlejey

1uNo9 yreeq

(1D %S6) o1es Ayfenow pajsnipe-eBy

siues Ajjerop

sesneo ||y

SIS pAITU “AIOTUYIS PUE 9dkI A S[BUIA) UT YRBIP JO SIsned SuIpea] (] oY) JO [£107—-6961] so8ueyd 2161 ArferIoy ¢ S[qe],

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835

© Annals of Palliative Medicine. All rights reserved.



11045

Vol 10, No 10 October 2021

icine,

(ponuriu0d) ¢ Syqey,

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835

%LLy zeLt 192 (€'6-2'%) 0 (6'e-0'¢) e 0z e ewojeAN
SISOYMI0
%t .- Gve'L 9/9'1 (e'6-2%) 0 (5'02-9'81) §'61 02 Ll pue aseasIp JoAl| dluoIyD
%029~ Lo L 1671 (L'6-1'9) 'S (0sL-geh) vl 6l vL uonusJBlul [eBs] pue SpIoILoH
%¥'82— elo) Al 6.9 (¢9-6'9) 8'g (8'8-6'2) 1'8 8l [ 190UEd UeleAQ
pouad |ejeunad ay}
%G€L— SOl Lov'y (€2-9'9) 69 (8'92-2'52) 0'9¢ Lt 8 ur BuiyeulBLO SUOIHPUOD UEMSD
%€'6- esi'e 8y (c6-v'8) 88 (501-06) 2’6 9l Ll SI80UED BULSIN puE sNdI0D
SuoIlIpuUod
%06~ ave'e 76G'€ (coL-v'6) 86 (e'8v-6'v1) 9'9F Gl S paulep-|il pue subis ‘swoidwAg
%.'62 182c 089 €c-v1) 8Ll (8'6-7'8) L'6 vk 6l JeoueD oljealoued
% €L~ 926'2 LLL'Y (rel-veL) 6cl (6'67-9°9v) ¢'8¥ el 14 BZUSN|jUI PUE EBlUOWNSUY
%6'er— L0v'e 2es’lL ©sL-07L SvL (9'92-1'v2) 'S 2k 6 $190UEBD WN}O8I PUE UOJ0D
asessIp
%861 vEV'E zr6 (951-9'71) L'SL (GeL-8'LL)9ch LE Sl Hesy noyym uoisuspedAH
%8'96¢ [Keleyy 162 (6’51671 ¥'SL (Se-22) 1e (o] €e ejweondag
sisosydau pue
%0°LE 810'g oze't (9cz-¢12) 0ce (8°21-8'G1) 891 6 el awoipuAs onolydeu ‘spuyden
SUOI}IPUOD pal||e pue asessIp
%L'Sve 129G 965 (¢'s2-6€2) 52 (L2769 'L 8 ve Areuownd 8AONIISQO DIUOIYD
%Y Ly~ 9eL'e 89¢'y (9'92-2'52) 6'S2 (L'sy-Lev) e vy . 9 S}08}46 8SIOADE PUE S}UBPIOOY
% HL- 12v'9 SLy'e (9'22-292) 6'92 (9'1e-162) €'0¢ 9 i JooueD jsealg
%962l €LL'9 066 (682-5°22) 2’82 (eel-2Lpgek S 9l $J90UED Snyouolq pue Bun
- 2859 - (e'1e-8'62) 5'0¢ - ¥ - s Jowisyz)y
%.€e~ 8.€', 6v9'c (Lgce-z1e)oee (6'6v-9'9v) £'8¥ € € snyjjaw sejeqelq
%.'9.- €€9°01 Lie'el (esr-€9v) T Ly (9'90z-z'661) 67202 4 4 SOSESSIP JB|NOSBA0IGRISD
%679~ Lee'le 8820 (€'¥91-6'091) 9291 (€'691-2'85Y) L'€9¥ L b sesessIp YeoH
(r'80€°t
%SG~ S0e'e9l 91£'86 (€'2L2-€502) 8802 -/'062'l) 5662 L Uresp Jo sesneo ||y
soews) yoe|g
(6961 "sA 7102) 2102 6961 2102 6961 2102 6961

sesneo ||y

Aurepow ui eBueyo eeley 1Unoo yjeaQ (1D %G6) o1el Ali[eLIOW paIsNipe-aby yues Ayjenop

Annals of Palliative Med

(panurzu0d) ¢ S1qey,

© Annals of Palliative Medicine. All rights reserved.



Wau et al. Trends in population mortality rates in US

"[eAJB1UI ©OUSPIIUOD ‘| "SUIBSP JO Joquinu 8y} S| JUN0D Yiea( 4oPUBIS| O1310Bd/UBISY ‘©AIIEN MV//UBIpU| UBDLIBWY Buipnjoul ‘Saijoluyle pue seoed Jaylo selousp Jeui0 ‘0002
ul uoizeindod piepuess seiels peun 8y 01 peisnipe-ebe ase pue uoireindod 0O0‘00 | Jod aJe sajel Ayjeriow peisnipe-eby eies Aljeriow palsnipe-abe sy} Uo peseq si uey

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835

SuUoI}IpPuUod
%1°08- zey €el (6'e-¢e) g€ Fre-ecvh) 9'LL (014 Vi pauyap-||l pue subis ‘swoidwAg
%EVL— Loy ve (6e-¢€) 9°¢ (c9-92 cv 6l €2 J90UBd JaAI
%6'2L— 88Y 98 (ev-s¢) 8¢ F21-1'1LH) 0Pl 8l 8 JeoUEBd YorWwolg
% 0L— 069 Ge (Ly-09 vy (6'9-v'e) 6V 9l [ Jo0UEd UBLBAQ
%.'68— 169 69 Ly-09) vy (r6-g9) g2 ol €l Ainfur pejoiul-yes pue epioing
%0022 669 8l (esvv) 8y (Le-80 gt Gt Ge ejweondeg
SISOYIO
%2 L. L2 G/L (l'o-e79) L' (L'ez-8'91) 861 i 9 Ppue 8SESSIP JOA]| DIUOIYD
%961 €v8 Le (e2-€9) L9 (6'2-2'¢) 9 €l 0z Jooued olesIoUEd
osessIp
%0°802 926 Sl (e8-¢c2) L2 (ev-e1se gl ee HEsY Inoyum uoisuspiadAy
sisodydau pue
%Y LL 056 LS (re-e2) 82 (r'e-1'9) 02 LE Gl awoipuAs onolydsu ‘siiydeN
%0" Ly~ LLO'L 08 (rs-v2) 6L (2'91-g0l) el ok 6 $190UEBD WN}O8I PUE UOJ0D
%99~ GoE‘L €ee (@ ri-90bCHt (29e-0"22) 9'IE 6 14 BZUSN|Ul PUE BlUOWNSUY
SUOI}PUOD pal||e pue asessIp
%189 Lov'L v @cl-01L)9LL (c'6-6'7) 69 8 Ll Areuow|nd 8AONIISAO OIUOIYD
%E0L GBS 08 (rel-c L 8Ll (r'el-v'8) L'0L i ok Jooueo jsealg
%L 19— €50'C €2 (G'9L-1G1) 8'SL (e'sv-€'9€) 9'0F 9 € S}08}40 8SIOAPE PUE S}USPIOOY
%0've- 086°t oSt (891Gl L9l (8'82-5°02) ¥'v¢ S S snyjjaw seleqelq
%E"LS L20'c 99 (0'21-s'51) 29t (cer-g2)¢eol 14 gl SJ90UED Snyouolq pue Bun
- 680 - (e'81-8'91) 9'/1 - € - s Jowisyz)y
%G9~ 09t'e 6eY (9'62-222) 9'82 (0'16-9'72) 9'¢8 4 2 SOSESSIp JB|NOSBA0IGRISD
%.°09- lel's 256 (eeL~100) 212 (¢'s61-9'0L1) 928t b L sesessIp YeoH
% er— €81'GYy 9cy'y (€'29€-5'09¢) 6°€9¢ (5'%99-0"229) 0°€v9 yieap Jo sesneo ||y
solews) 1BUl0
(6961 'SA 21.02) 2102 6961 2102 6961 2102 6961

sesneo ||y

Aypenow ui aBueyd aAeey suels Aj[epo

N0 yyeag (1D %56) ®1es Aepow pejsnipe-eby

11046

(panurzu0d) ¢ S1qey,

© Annals of Palliative Medicine. All rights reserved.



Annals of Palliative Medicine, Vol 10, No 10 October 2021

2000
1950
1990
1850
1800
1750
1700
1650
1600
1550
1500
1450
1400
1350
1300
1250
1200
1150
1100
1050
1000
950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100
50

on

Black female

Other male

White female

Rate per 100,000 populat

Other female

White male

11047

Black male

1981

1973
1975
1979
1983
1985
1987
1989
1991

Yea

=

(@)

1993
1995 1
1997 1
1999
2001
2003
2005
2007
2009
2011
2013
2015
2017 -

=

death

Figure 3 Trends in the overall mortality rates [1969-2017] by race and ethnicity, United States. Rates are age-adjusted to the United States
standard population in 2000. Other denotes other races and ethnicities, including American Indian/AK Native, Asian/Pacific Islander.

in males aged 40-49 years in 2017 were accidents and
adverse effects, heart diseases, and suicide and self-inflicted
injury (Table S1 and Figure S3B), in males aged 50-59 years
in 2017 were heart diseases, accidents and adverse effects,
and lung and bronchus cancers (Table S1 and Figure S3C),
in males aged 60-69 years in 2017 were heart diseases,
lung and bronchus cancers, and chronic obstructive
pulmonary disease and allied conditions (Table S1
and Figure S3D), and in males aged >70 years in 2017 were
heart diseases, chronic obstructive pulmonary disease and
allied conditions, and cerebrovascular diseases (Table S1
and Figure S3E). The top three causes of death in females
aged between birth and 39 years in 2017 were accidents
and adverse effects, certain conditions originating in
the perinatal period, and suicide and self-inflicted injury
(Table S2 and Figure S4A), in females aged 40-49 years in
2017 were accidents and adverse effects, heart diseases, and
breast cancer (Table S2 and Figure S4B), in females aged

© Annals of Palliative Medicine. All rights reserved.

50-59 years in 2017 were heart diseases, accidents and
adverse effects, and lung and bronchus cancers (Table S2
and Figure S4C), in females aged 60-69 years in 2017 were
heart diseases, lung and bronchus cancers, and chronic
obstructive pulmonary disease and allied conditions
(Table S2 and Figure S4D), in females aged >70 years in
2017 were heart diseases, Alzheimer’s, and cerebrovascular
diseases (Table S2 and Figure S4E).

Discussion

A total of 109,836,044 deaths were recorded in the U.S.
from 1969 to 2017. This represents substantial data that
can truly reflect the real causes of death among Americans.
From 1969 to 2017, health outcomes underwent dramatic
changes across the U.S. (6). In the past 50 years, the rapid
development of industrial technology has presented new
problems. In 2017, accidents and adverse effects became

Ann Palliat Med 2021;10(10):11035-11052 | https://dx.doi.org/10.21037/apm-21-2835
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Figure 4 Trends in the mortality rates [1969-2017] of three chronic diseases by race and ethnicity, United States. Rates are age-adjusted

to the United States standard population in 2000. Other denotes other races and ethnicities, including American Indian/AK Native, Asian/

Pacific Islander. Heart diseases (A). Cerebrovascular diseases (B). Diabetes mellitus (C).

the second leading cause of death among males, and the
fifth leading cause of death among females (Figure 2). The
mortality rate per 100,000 population for accidents and
adverse effects in males rose by 37.8%, from a minimum
of 49.2 in 2000 to 67.8 in 2017, and increased by 53.1%
in females, from a minimum of 20.9 in 1992 to 32.0 in
2017 (Figure 2). The main type of accidents and adverse
effects were traffic accidents. The rise in the mortality rate
of accidents is debatable, but it is speculated to be related
to the use of smart phones (7,8). Suicide rates have also
risen in the U.S. (9,10). The mortality rate per 100,000
population for suicide and self-inflicted injury in males rose
by 26.6%, from a minimum of 17.7 in 2000 to 22.4 in 2017,
and increased by 52.5% in females, from a minimum of
4.0 in 1999 to 6.1 in 2017 (Table 1 and Figure 2). In 2017,
suicide and self-inflicted injury was the second-leading
cause of death in males between birth and 39 years, and the
third-leading causes of death in females of the same age
range (Figures S3A,S4A). Speculations explaining this rise
in suicide rates have been proposed, but the exact causes
for the increase remain unknown (9,11). Improving social
connectedness, civic opportunities, and health insurance
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coverage, as well as limiting access to lethal means, have the
potential to reduce suicide rates (12). In addition, with the
aging of the U.S. population, Alzheimer’s is becoming an
increasingly common cause of death. From 1979 to 2017,
the mortality rate per 100,000 population for Alzheimer’s
increased by 4,900.0% (0.5 to 25.0) in males and 8,575.0%
(0.4 to 34.7) in females (Figure 2). Alzheimer’s is the only
cause of death among the top 10 that cannot be prevented,
cured, or even slowed (13). The rapid increase in the elderly
population is responsible for the rapid increase in the
mortality rate for Alzheimer’s in the U.S. (14,15).

The advancement of medicine in the past half-century
was also evident. The overall annual mortality rate of
the U.S. population declined continuously from 1969 to
2017, and the overall life expectancy in the U.S. increased
from 70.5 years in 1969 to 78.6 years in 2017 (16). The
overall mortality rate in males per 100,000 population
fell by 46.1%, from 1,610.0 in 1969 to 867.2 in 2017, and
likewise, decreased by 39.3% in females, from 1,019.3 in
1969 to 619.2 in 2017 (Table 1 and Figure I). This decline in
overall mortality was mainly due to a reduction in mortality
caused by heart and cerebrovascular diseases. From 1969
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Figure 5 Trends in the overall mortality rates [1969-2017] by age

standard population in 2000.

to 2017, the mortality rates for heart and cerebrovascular
diseases have continually declined (Figure 2). Although
it has remained the leading cause of death among both
males and females in the U.S., the mortality rate per
100,000 population for heart diseases in males dropped
by 68.6%, from 668.2 in 1969 to 209.6 in 2017, and fell
by 68.0% in females, from 404.4 in 1969 to 129.4 in 2017
(Figure 24,2B). Similarly, from 1969 to 2017, the mortality
rate per 100,000 population for cerebrovascular diseases
decreased by 77.3% (168.4 to 38.2) in males and 75.3%
(147.9 to 36.6) in females (Figure 24,2B). The decrease in
mortality rates due to heart and cerebrovascular diseases
observed in this report across the entire U.S. population
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has been well documented (17,18). This half-century
decline in heart and cerebrovascular diseases mortality is
a “milestone of progress” in medicine, and is the result
of improved levels of treatment, advances in preventive
measures, national policy support, among others (17-19).
However, this downward trend in heart and cerebrovascular
disease mortality has slowed, and even reversed, among
certain demographics after 2012 (20). Further concerns
exist with regards to cardiovascular and cerebrovascular
drug innovations, quality of care, and healthcare
costs (20). As the population ages, there is an urgent need
for action to improve innovation in, treatment of, and
payment for cardiovascular and cerebrovascular health
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(18,20). At present, China’s heart and cerebrovascular
diseases mortality is still showing an upward trend.
Some measures taken by the U.S. to reduce heart and
cerebrovascular diseases mortality are worthy of our
reference.

The mortality rate for all malignant cancers has also
declined in the past 50 years (2). Among the 10 leading
causes of death in 2016, there were two cancers in men
(cancers of the lung and bronchus, and prostate), and
similarly, three cancers in women (cancers of the lung and
bronchus, breast, and colon and rectum). The mortality
rates of these cancers for both sexes have continued to
decline after 2002. Although the mortality rate for lung and
bronchus cancers in males dropped by 50.9% from 1990
to 2017, and decreased in females by 26.4% from 2002 to
2017, it has remained the leading cause of cancer death
among both males and females in 2017 (Figure 2A4,2B).
The 5-year relative survival rate for all cancers combined,
diagnosed in 2008-2014, was 67% in whites and 62% in
blacks, but only 19% for lung and bronchus cancer (2).
Therefore, low-dose computed tomographic screening
needs to be strengthened for earlier diagnosis of lung
cancer, which could significantly reduce mortality (21).

In addition, there are marked sex and race disparities
in overall mortality. From 1969 to 2017, the mortality
rate of all causes of death was higher for males than
females (Figure I), and in blacks than whites for both sexes
(Figure 3). Throughout the world, women tend to live
longer than men. Although biological, behavioral, and
environmental factors are known contributory factors, the
relative contribution of each of these factors remains unclear
(22,23). Also, overall mortality varied considerably between
racial and ethnic groups. Blacks had significantly lower
educational attainment and homeownership and almost
twice the proportion of households below the poverty
level compared with whites, over a life span (24). These
trends might help to explain the disparities in mortality
attributed to chronic disease-related behaviors, health-
related quality of life, and health care utilization (2,24).
This study showed that the mortality rates of heart diseases,
cerebrovascular diseases, and diabetes were all higher in
blacks than in whites for both sexes (Figure 4). Universal
and targeted interventions are needed to reduce black-white
health disparities over a life span. Finally, it is not surprising
that the causes of death among different age intervals also
exhibit distinct characteristics. In 2017, the leading cause
of death for both males and females aged between birth
and 49 years was accidents and adverse effects, and heart
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diseases in those aged >50 years (Figures S3,54). Depending
on the age characteristics of the causes of death, targeted
interventions for disease prevention and control, according
to the different age intervals, would produce better health
outcomes.

Limitations

A strength of our study is the use of nationwide, high-
quality, population-based data on mortality for all causes
of death from the SEER database. However, our study has
several limitations that should be noted. Firstly, although
the SEER database includes large and accurate mortality
data, the data for non-fatal outcomes is lacking. Secondly,
due to the nearly 50-year time span, the diagnostic
technologies and standards for certain diseases might have
changed, thereby potentially affecting the time trends of
these diseases. Thirdly, the SEER database only contains
data on people within the U.S. and does not represent
changes in mortality worldwide. Therefore, it is necessary
to establish a similar database in China, which will represent
1.4 billion people.

Conclusions

The continuous decline in the overall mortality rate
from 1969 to 2017 has resulted in an overall decrease
in the mortality rate of 46.1% in males and 39.3% in
females. This decline in overall mortality is mainly due
to a corresponding decrease in mortality caused by heart
diseases and cerebrovascular diseases. From 1969 to 2017,
the mortality rates of all causes of death were higher in
males than females, and in blacks than whites for both sexes.
From 1979 to 2017, the mortality rates of heart diseases,
cerebrovascular diseases, and diabetes were all higher in
blacks than in whites for both sexes. Our results provide
important evidence for health policy development and
interventions. These findings can be used by governments
at the national level to identify major health problems and
facilitate priority-setting. In addition, the time trends of
population mortality rates from 1969 to 2017 can be used
to help guide appropriate health policies in other countries
throughout the world.
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Table S1 Mortality rate changes from 1969 to 2017 for the leading 10 causes of death in male by age intervals, United States

Mortality rank

Age-adjusted mortality rate (95% CI)

Death count

Relative change in

All sauses 1969 2017 1969 2017 1969 2017 mortality (2017 vs. 1969)
Male (birth to 39 years)
All causes of death 226.9 (225.6-228.1) 123.4 (122.6-124.1) 136,744 107,726 -45.6%
Accidents and adverse effects 1 1 72.8 (72.1-73.5) 45.2 (44.7-45.6) 44,076 40,174 -37.9%
Suicide and self-inflicted injury 6 2 10.4 (10.1-10.7) 16.3 (16.1-16.6) 5,438 14,614 56.7%
Homicide and legal intervention 4 3 14.6 (14.3-14.9) 12.5 (12.3-12.7) 7,848 11,320 -14.4%
Certain conditions originating in 2 4 34.5 (34.1-34.9) 7.7 (7.5-7.9) 25,343 6,291 -77.7%
perinatal period
Heart diseases 3 5 14.7 (14.3-15.1) 7.2 (7.0-7.4) 6,483 6,003 -51.0%
Congenital anomalies 5 6 11.3 (11.1-11.6) 4.1 (4.0-4.2) 8,143 3,415 -63.7%
Symptoms, signs and ill-defined 8 7 5.9 (5.7-6.1) 3.9 (3.8-4.1) 3,615 3,331 -33.9%
conditions
Chronic liver disease and cirrhosis 9 8 4.0 (3.8-4.2) 1.6 (1.5-1.7) 1,703 1,320 -60.0%
Diabetes mellitus 14 9 1.7 (1.5-1.8) 1.4 (1.3-1.4) 774 1,145 -17.6%
Cerebrovascular diseases 10 10 3.6 (3.4-3.7) 1.2(1.1-1.2) 1,753 973 —66.7%
Male (40 to 49 years)
All causes of death 616.7 (612.2-621.2) 327.7 (325.3-330.3) 73,411 66,910 53.1%
Accidents and adverse effects 2 1 78.0 (76.4-79.6) 76.4 (75.2-77.7) 9,158 15,372 97.9%
Heart diseases 1 2 2114 (208.8-214.0) 60.9 (59.9-62.0) 25,341 12,541 28.8%
Suicide and self-inflicted injury 6 3 24.6 (23.7-25.5) 28.9 (28.2-29.7) 2,902 5,831 117.5%
Chronic liver disease and cirrhosis 3 4 36.2 (35.1-37.3) 15.5 (15.0-16.0) 4,294 3,196 42.8%
Diabetes mellitus 10 5 8.7 (8.2-9.2) 11.0 (10.6-11.5) 1,034 2,275 126.4%
Homicide and legal intervention 7 6 18.4 (17.6-19.2) 10.8 (10.3-11.3) 2,138 2,148 58.7%
Cerebrovascular diseases 5 7 26.0 (25.1-26.9) 8.5 (8.1-8.9) 3,101 1,746 32.7%
Colon and rectum cancers 11 8 8.6 (8.0-9.1) 7.4 (7.0-7.8) 1,025 1,632 86.0%
Lung and bronchus cancers 4 9 33.5 (32.5-34.6) 5.9 (5.6-6.2) 4,022 1,235 17.6%
Symptoms, signs and ill-defined 9 10 12.8 (12.1-13.4) 4.5 (4.2-4.8) 1,517 913 35.2%
conditions
Male (50 to 59 years)
All causes of death 1,488.5 (1,481.0- 743.4 (739.8-747.1) 151,450 161,968 -50.1%
1,496.1)
Heart diseases 1 1  633.8(628.9-638.7) 176.3 (174.6-178.1) 64,568 38,530 -72.2%
Accidents and adverse effects 3 2 88.4 (86.6-90.2) 84.9 (83.6-86.2) 8,882 17,996 -4.0%
Lung and bronchus cancers 2 3 1147 (112.6-116.8) 41.4(40.5-42.2) 11,703 9,263 -63.9%
Chronic liver disease and cirrhosis 5 4 59.6 (568.1-61.2) 36.4 (35.6-37.2) 6,014 7,867 -38.9%
Suicide and self-inflicted injury 9 5 29.3 (28.3-30.4) 30.8 (30.1-31.6) 2,944 6,536 5.1%
Diabetes mellitus 11 6 21.3 (20.4-22.2) 29.9 (29.2-30.6) 2,168 6,520 40.4%
Cerebrovascular diseases 4 7 77.3 (75.6-79.0) 22.4 (21.8-23.0) 7,893 4,881 -71.0%
Chronic obstructive pulmonary 7 8 33.5(32.4-34.7) 21.0 (20.4-21.6) 3,451 4,710 -37.3%
disease and allied conditions
Colon and rectum cancers 8 9 32.1 (31.0-33.2) 20.3 (19.7-20.9) 3,279 4,407 -36.8%
Pancreas cancer 12 10 17.9 (17.1-18.7) 13.5 (13.0-13.9) 1,827 2,979 -24.6%
Male (60 to 69 years)
All causes of death 3,456.0, (3442.2- 1,567.8 (1561.9- 239,330 272,206 -54.6%
3469.9) 1573.7)
Heart diseases 1 1 1,533.0 (1523.7- 388.7 (385.8-391.6) 106,147 67,490 -74.6%
1542.2)
Lung and bronchus cancers 3 2 259.0 (255.2-262.8) 130.5 (128.8-132.2) 18,004 22,618 -49.6%
Chronic obstructive pulmonary 4 3 121.9(119.3-124.5) 84.7 (83.4-86.1) 8,409 14,666 -30.5%
disease and allied conditions
Accidents and adverse effects 5 4 108.1 (105.7-110.6) 71.6 (70.3-72.8) 7,561 12,503 -33.8%
Diabetes mellitus 9 5 58.2 (56.4-60.0) 65.9 (64.7-67.1) 4,013 11,440 13.2%
Cerebrovascular diseases 2 6  260.6 (256.8-264.5) 55.6 (54.5-56.8) 17,894 9,649 -78.7%
Chronic liver disease and cirrhosis 8 7 69.5 (67.5-71.5) 47.5 (46.5-48.6) 4,891 8,303 -31.7%
Colon and rectum cancers 6 8 89.4 (87.2-91.6) 41.6 (40.7-42.6) 6,180 7,228 -53.5%
Pancreas cancer 13 9 44 .1 (42.5-45.7) 39.3 (38.3-40.2) 3,052 6,805 -10.9%
Liver cancer 26 10 14.1 (13.3-15.0) 34.5 (33.6-35.4) 980 6,005 144.7%
Male (=70 years)
All causes of death 10,505.6 (10474.3- 5,962.2 (5,949.3—- 479,584 830,210 -43.2%
10537.0) 5,975.1)
Heart diseases 1 1 4,828.4 (4,807.1- 1,608.3 (1,601.6- 219,190 223,290 -66.7%
4,849.7) 1,615.0)
Chronic obstructive pulmonary 7 2  269.1(264.4-273.8) 389.3 (386.0-392.6) 13,642 54,417 44.7%
disease and allied conditions
Cerebrovascular diseases 2 3 1462.2 (1450.3- 321.6 (318.6-324.6) 63,562 44,395 -78.0%
1474.3)
Lung and bronchus cancers 5 4 296.5(291.8-301.3) 318.0 (315.1-321.0) 16,043 45,362 7.3%
Alzheimer’s - 5 - 264.5 (261.7-267.2) - 35,836 -
Diabetes mellitus 10 6 160.9 (157.2-164.7) 176.5 (174.3-178.7) 7,693 24,921 9.7%
Prostate cancer 6 7  269.2 (264.3-274.3) 174.4 (172.2-176.6) 12,348 24,149 -35.2%
Accidents and adverse effects 8 8  244.4(239.6-249.3) 170.1 (167.9-172.3) 10,962 23,663 -30.4%
Pneumonia and influenza 3 9  468.0(461.1-474.9) 141.9 (140.0-144.0) 19,857 19,546 -69.7%
Nephritis, nephrotic syndrome and 18 10 63.3 (60.9-65.8) 130.5(128.6-132.4) 2,857 18,081 106.2%

nephrosis

Rank is based on the age-adjusted mortality rate. Age-adjusted mortality rates are per 100,000 population and age-adjusted to the 2000
United States standard population. Death count is the number of deaths. Cl, confidence interval.

© Annals of Palliative Medicine. All rights reserved.

https://dx.doi.org/10.21037/apm-21-2835



() s1eaA (/< () T84 69—09 (D) s1edL 66— 6 () s1eaA 41—t (V) s1ea4 ¢ 01 yaarg ‘uonendod piepuels
$9181G PAITUN ()00 Y} 03 paIsnipe-a8e a1e sarey "L 107—696] ‘SNBIS pAaru) ‘sjearanur oSe Aq safewr Ul yIeap Jo sasned Jurped] ()] Y3 Joj 21eI AI[errour oy ur spudly, ¢§ 2nJry

sisoaydau pue swoupuks dpoydau ‘spuydaN— 130U8) SO — 190UED SEaNURY— suoRIpuo pauyap-|i pue susis ‘swojdwAs— saseasIp JB|NISEN0IqRIa) —
ezUBNYUI pUE BlUOWINAU]— 190UB) SeRLURG— S130UD WINJI3I PUB UOJ0) — s120Ud SNYPUOIG pue Sun]— snyjjaw sa3aqelg—
S199)42 3SINPE PUE SJUIPIIY— 5492UED WIN3I34 PUE UOJO)— suorIpuo> paijje pue aseasip Areuow|nd SARONIISYO JIUOIY)— $420UBD WINYP34 PUE UOj0)— SISOYAIID PUB 35EISIP J3AI] JIUOIYD—
18dUED 31€1S0Id— SISOYAIID PUR 3SEISIP JAAI] IUOIY)— Sase3sIp 4B|NISEN0IGRIE) — S35E3S1p JB|NISEAOIGRIS) — suonipuod pauyap-j|i pue susis ‘swoydwAs—
snyjjow sayaqeIq— Saseasip Jejnisenoiqaia)— snyjjaw sa3eqeIq— uonuaNIAul [e53] PUE SPIdILIOH —
sAaunayZY— syl s394 Aunfug papiur-4jas pue appins— smyjjaw s219qeIq—
s192ued snypuoiq pue uny— S193y)3 BSIaAPE PUE SIUBPIY. SISOULIID pUE 35e3SIP JBAI| IO SISOy puE 3sEASIP JAA] INUOIY) -
saseasip 1e|n2sen01qaIa) — suopuod paijje pue aseasip Areuow|nd SAIONISGO AIUOIY)— s120ue3 snypuoiq pue Sun]— Aunfu papijul-yjas pue appIng—
suolpuo> payjje pue aseasip Aseuownd 3AIINSGO IIUOIY)— s122ued snyduoiq pue Sun— 5193} 3SI3APE PUE SIUBPIIY — saseasip LeaH — Aanfuy payijyur-yjas pue apIng—
saseasip JesH— saseasip HeaH— saseasip LeaH— 513} 3SI2APE pUE SUIPIY— S1024)2 3SI2APE PUE SIUBPIY—
yieap Jo Jeap yieap jo uesp y1eap Jo Jeap Yieap Jo aeap yieap Jo Jeap
NNNNNNRRRRERRERRRR B NNNNNNRRRRRBR B BB NNNNNNRBRERRERRRBRRBRR NNNNNNRRBRRBRBE R B B BB
888888 bbbl aah 222 ceoobbl 888888 bhbhhbhbhbbblblb 8883 bbb bo
HEEgeRggssedaydidg ERERSSstatRuE Il SEE2gRsedssRddiid EEEZREE LSRRI NTE
L S D D vy 0 L 2 SRR ARSI RE
—_— os —_—_———
00T — 3 s
0sT 0s
00z SL ot
0sz E 00T
00€ szt ST
ose E osT Eos
wmw E st E 09 [ +0z
2 00s B ooz 2 For B e, B
B = 2 = sz 3
3 0ss © Fs@q Eog O 3
-] -] \ -]
B 009 | 05z E % Eoe B
e 059 S 06 = o
n B ESLT o = =
8 WMM 8 £ ooe 8 poor 3 feed
3 ws S sze 8 porr g S
(=] o E =] =] E oy ©
- 0s8 3 OSE 5 E ozt 3 3
= 006 5 [ seg EOET T E g
= 0s6 £ E ooy =3 =
S 000°T 2 Eoow EORD 2 & =
=) TS o E o [0SQ
] 0s0T S osy 3 0583 2
00T'T
0sT'T E Sty . ar £
00z't E 00s E ot
0sZ'T E gzs E ost F 09
00€'T E
o0ss
0SE'T [ 06T fs9
" E sts
00'T E o0z
0st'T F 009 [ oz
00s'T £ sz9 £ 012
= 000's 0sS'T 059 = oz 72
(s1eah 0£<) aen 3 (sieah 69 03 09) ajeN a (s1eah 65 01 0S) 3len 9) (s1eah 61 03 0v) 3(BIN d (s1eah g€ 01 yuiq) ajeN \v

//dx.doi.org/10.21037/apm-21-2835

https

. All rights reserved.

iative Medicine

© Annals of Pall



Table S2 Mortality rate changes from 1969 to 2017 for the leading 10 causes of death in female by age intervals, United States

Mortality rank

Age-adjusted mortality rate (95% CI)

Death count

Relative change in

All causes 1969 2017 1969 2017 1969 2017 ~ mortality (2017 vs. 1969)
Female (birth to 39 years)
All causes of death 129.9 (129.0-130.8) 63.8 (63.3-64.4) 79,400 53,201 -50.9%
Accidents and adverse effects 2 1 22.2 (21.8-22.6) 18.0 (17.7-18.3) 14,150 15,449 -18.9%
Certain conditions originating in 1 2 25.2 (24.8-25.6) 6.1 (5.9-6.3) 17,773 4,795 -75.8%
perinatal period
Suicide and self-inflicted injury 6 3 4.4 (4.2-4.6) 4.5 (4.3-4.6) 2,298 3,830 2.3%
Heart diseases 5 4 6.3 (6.1-6.6) 3.8 (3.6-3.9) 3,142 3,110 -39.7%
Congenital anomalies 3 5 9.9 (9.7-10.2) 3.7 (3.6-3.9) 6,906 2,977 -62.6%
Homicide and legal intervention 9 6 3.7 (3.5-3.8) 2.8 (2.7-2.9) 2,099 2,369 -24.3%
Symptoms, signs and ill-defined 7 7 4.0 (3.8-4.2) 2.6 (2.5-2.7) 2,481 2,097 -35.0%
conditions
Breast cancer 10 8 2.7 (2.5-2.8) 1.3(1.3-1.4) 1,162 1,063 -51.9%
Chronic liver disease and cirrhosis 11 9 2.6 (2.4-2.7) 1.1 (1.0-1.1) 1,171 853 -57.7%
Diabetes mellitus 14 10 1.4 (1.3-1.5) 1.0 (0.9-1.0) 720 801 -28.6%
Female (40 to 49 years)
All causes of death 345.5 (342.3-348.8)  200.4 (198.4- 43,823 41,683 -42.0%
202.3)
Accidents and adverse effects 4 1 24.2 (23.3-25.1) 32.9 (32.1-33.7) 3,034 6,738 36.0%
Heart diseases 1 2 59.6 (58.2-60.9)  26.8 (26.1-27.5) 7,601 5,598 -55.0%
Breast cancer 2 3 35.3 (34.3-36.4)  14.8 (14.3-15.3) 4,492 3,076 -58.1%
Suicide and self-inflicted injury 6 4 12.3 (11.7-12.9) 9.8 (9.4-10.2) 1,538 2,012 -20.3%
Chronic liver disease and cirrhosis 5 5 20.1 (19.3-20.9) 8.6 (8.2-9.0) 2,538 1,799 -57.2%
Diabetes mellitus 12 6 7.2 (6.7-7.6) 6.7 (6.4-7.1) 911 1,407 -6.9%
Cerebrovascular diseases 3 7 24.8 (23.9-25.6) 6.3 (6.0-6.7) 3,148 1,326 -74.6%
Colon and rectum cancers 11 8 9.1 (8.6-9.7) 5.7 (6.4-6.1) 1,166 1,207 -37.4%
Lung and bronchus cancers 7 9 11.1 (10.5-11.7) 5.4 (5.1-5.7) 1,415 1,159 -51.4%
Chronic obstructive pulmonary 15 10 4.1 (3.8-4.5) 3.9 (3.6-4.1) 525 814 -4.9%
disease and allied conditions
Female (50 to 59 years)
All causes of death 741.0 (735.9-746.1)  458.5 (455.7- 81,512 104,574 -38.1%
461.3)
Heart diseases 1 1 194.5 (191.9-197.1) 72.9 (71.8-74.1) 21,568 16,709 -62.5%
Accidents and adverse effects 4 2 31.3 (30.2-32.3) 36.1 (35.3-36.9) 3,402 7,974 15.3%
Lung and bronchus cancers 7 3 27.0 (26.1-28.0) 33.9 (33.1-34.7) 2,969 7,929 25.6%
Breast cancer 2 4 65.9 (64.4-67.5) 31.9(31.2-32.7) 7,200 7,207 -51.6%
Chronic obstructive pulmonary 13 5 10.6 (10.0-11.3) 22.3 (21.7-22.9) 1,174 5,211 110.4%
disease and allied conditions
Chronic liver disease and cirrhosis 6 6 28.8 (27.8-29.9) 18.1 (17.6-18.7) 3,123 4,074 -37.2%
Diabetes mellitus 9 7 21.7 (20.9-22.6) 16.8 (16.3-17.4) 2,404 3,847 -22.6%
Cerebrovascular diseases 3 8 58.0 (56.6-59.5) 15.8 (15.3-16.3) 6,399 3,614 -72.8%
Colon and rectum cancers 5 9 29.0 (28.0-30.0) 13.7 (13.3-14.2) 3,198 3,122 -52.8%
Suicide and self-inflicted injury 12 10 11.9 (11.3-12.6) 10.1 (9.6-10.5) 1,284 2,214 -15.1%
Female (60 to 69 years)
All causes of death 1,679.6 (1,670.8- 965.8 (961.4— 138,649 185,789 -42.5%
1,688.5) 970.2)
Heart diseases 1 1 637.1 (631.7-642.6) 170.8 (169.0- 52,493 32,853 -73.2%
172.7)
Lung and bronchus cancers 8 2 37.4 (36.1-38.8)  88.8 (87.5-90.1) 3,102 17,074 137.4%
Chronic obstructive pulmonary 12 3 20.2 (19.2-21.2) 70.6 (69.4-71.8) 1,673 18,569 249.5%
disease and allied conditions
Breast cancer 3 4 85.5(83.5-87.5)  51.7 (50.7-52.8) 7,097 9,963 -39.5%
Cerebrovascular diseases 2 5 177.9 (175.0-180.8) 39.1 (38.2-40.0) 14,647 7,517 -78.0%
Diabetes mellitus 5 6 64.8 (63.1-66.5)  38.4 (37.5-39.3) 5,346 7,383 -40.7%
Accidents and adverse effects 6 7 42.6 (41.2-44.1) 29.8 (29.0-30.5) 3,529 5,745 -30.0%
Pancreas cancer 11 8 25.2 (24.2-26.3) 26.0 (25.3-26.7) 2,085 4,996 3.2%
Colon and rectum cancers 4 9 68.7 (66.9-70.5) 25.6 (24.9-26.3) 5,673 4,918 -62.7%
Chronic liver disease and cirrhosis 10 10 26.4 (25.3-27.5)  20.5(19.9-21.2) 2,191 3,963 -22.3%
Female (=70 years)
All causes of death 7,457.6 (7,436.4- 4,673.1 (4,663.7- 497,421 989,107 -37.3%
7,478.8) 4,682.4)
Heart diseases 1 1 3,511.1 (3,496.5- 1,112.8(1,108.3- 232,537 241,293 -68.3%
3,525.7) 1,117.4)
Alzheimer’s - 2 - 368.3 (365.8- - 82,155 -
370.9)
Cerebrovascular diseases 2 3 1,329.6 (1320.6— 331.2 (328.8- 86,840 71,557 -75.1%
1338.6) 333.7)
Chronic obstructive pulmonary 14 4 44.4 (42.8-46.0) 322.2 (319.6- 3,140 65,191 625.7%
disease and allied conditions 324.7)
Lung and bronchus cancers 13 5 47.4 (45.8-49.0) 211.1 (209.0- 3,530 40,841 345.4%
213.2)
Diabetes mellitus 5 6 188.1 (184.8-191.3) 117.5(116.0- 13,467 23,824 -37.5%
119.0)
Accidents and adverse effects 7 7 175.8 (172.6-179.1)  113.5(112.0- 11,543 24,306 -35.4%
114.9)
Pneumonia and influenza 3 8 300.3 (295.9-304.7) 108.6 (107.2— 18,970 23,476 -63.8%
110.0)
Breast cancer 8 9 122.2 (119.6-124.8)  103.3 (101.8- 8,877 20,691 -15.5%
104.7)
Nephritis, nephrotic syndrome and 18 10 38.4 (36.9-39.9) 91.2 (89.8-92.5) 2,618 18,978 137.5%

nephrosis

Rank is based on the age-adjusted mortality rate. Age-adjusted mortality rates are per 100,000 population and age-adjusted to the 2000 United States
standard population. Death count is the number of deaths. Cl, confidence interval.
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