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AGE-STANDARDIZED DEATH

rates from all causes have de-
creased in the United States
since the 1960s1; however,

the overall trend masks substantial
variations in cause-specific rates and in
the number of deaths occurring in dif-
ferent age groups from specific condi-
tions. Understanding these trends and
the relationship between the age-
standardized death rates and the ac-
tual number of deaths that occur can
provide valuable insight into the forces
that shape the nation’s health. We ex-
amined trends in death rates and num-
ber of deaths from the 6 leading causes
in the United States and considered the
relationship of these trends to disease
prevention and health care in an aging
population.

METHODS
Cause of death statistics in the United
States are based on underlying cause of
death.1 The underlying cause is de-
fined as the disease or injury that ini-
tiated the sequence of events leading di-
rectly to death. It is selected from the
conditions entered in the cause of death
section on the death certificate by the
certifying physician, coroner, or medi-
cal examiner based on the sequence of
morbid events and coding rules speci-
fied by the International Classification
of Diseases (ICD).2

Effective with data year 1968, com-
puter software has been used by the
National Center for Health Statistics to

determine the underlying cause of
death from information on all causes
(multiple causes) listed on the death
certificate.1

For mortality statistics in the interval
1970 through 2002, underlying causes
of death were classified according to the
ICD-8, ICD-9, and ICD-10 coding and se-
lection rules,3-5 with major causes of
death grouped consistently across the
ICD codes to facilitate evaluation of long-
term trends.6 The ICD-10 codes used for
the 6 leading causes of death were I00-
I09, I11, I13, and I20-I51 for heart dis-
ease; C00-C97 for cancer; I60-I69 for
stroke (cerebrovascular disease); E10-
E14 for diabetes mellitus; J40-J47 for

chronic obstructive pulmonary disease
(COPD); and V01-X59 and Y85-Y86 for
accidents (ie, related to transportation
[motor vehicle, other land vehicles, and
water, air, and space] and not related to
transportation [falls, fire, and acciden-
tal posioning]). The ICD-8 and the ICD-9
codes were 390-398, 402, 404, and 410-
429 for heart disease; 430-438 for stroke;
250 for diabetes mellitus; and 800-949
foraccidents.Forcancer, the ICD-8 codes
were 140-207 and the ICD-9 codes were
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Context The decrease in overall death rates in the United States may mask changes
in death rates from specific conditions.

Objective To examine temporal trends in the age-standardized death rates and in
the number of deaths from the 6 leading causes of death in the United States.

Design and Setting Analyses of vital statistics data on mortality in the United States
from 1970 to 2002.

Main Outcome Measure The age-standardized death rate and number of deaths
(coded as underlying cause) from each of the 6 leading causes of death: heart disease,
stroke, cancer, chronic obstructive pulmonary disease, accidents (ie, related to trans-
portation [motor vehicle, other land vehicles, and water, air, and space] and not re-
lated to transportation [falls, fire, and accidental posioning]), and diabetes mellitus.

Results The age-standardized death rate (per 100 000 per year) from all causes com-
bined decreased from 1242 in 1970 to 845 in 2002. The largest percentage decreases
were in death rates from stroke (63%), heart disease (52%), and accidents (41%).
The largest absolute decreases in death rates were from heart disease (262 deaths per
100 000), stroke (96 deaths per 100 000), and accidents (26 deaths per 100 000).The
death rate from all types of cancer combined increased between 1970 and 1990 and
then decreased through 2002, yielding a net decline of 2.7%. In contrast, death rates
doubled from chronic obstructive pulmonary disease over the entire time interval and
increased by 45% for diabetes since 1987. Despite decreases in age-standardized death
rates from 4 of the 6 leading causes of death, the absolute number of deaths from
these conditions continues to increase, although these deaths occur at older ages.

Conclusions The absolute number of deaths and age at death continue to increase
in the United States. These temporal trends have major implications for health care
and health care costs in an aging population.
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140-208, 238.6. For COPD, the ICD-8
codes were 490-493 and 519.3 and the
ICD-9 codes were 490-496.

We calculated the age-standardized
death rates (directly adjusted to the
2000 US standard population) for all
causes and the 6 leading causes of death
using SEER*Stat software, developed by
the Surveillance, Epidemiology, and
End Results program of the National
Cancer Institute.7,8 When the 2002
death rate for a particular condition was
lower than the 1970 rate, the contri-
bution of this decrease to the overall de-
crease in all-cause death rates over the
same time interval was expressed as a
percentage. Trends in age-standard-
ized death rates from 1970 through
2002 for each of these conditions were
described using joinpoint regression

analysis.9 The joinpoint regression
model fits a series of joined straight lines
on a log scale to the trends in age-
adjusted rates. The terms increase or de-
crease were used when the slope (co-
efficient) of the trend was statistically
different from zero (2-sided P�.05);
otherwise, the terms stable or level were
used.

We also examined the leading causes
of death in 2002 by age and temporal
trends in age-specific death rates and
number of deaths from heart disease
and cancer for individuals aged 40 years
or older by 10-year age intervals from
1970 to 2002.

RESULTS
Between 1970 and 2002, the age-
standardized death rate (per 100 000

population) from all causes combined
decreased 32% from 1242.2 to 844.6
based on the year 2000 age standard
(TABLE). Among the 6 leading causes of
death (Table and FIGURE 1), the largest
percentage decreases during this inter-
val were in the death rates from heart
disease (52%), cerebrovascular dis-
ease or stroke (63%), and accidents
(41%). The absolute decrease was larg-
est for heart disease (262 deaths per
100 000) followed by stroke (96 deaths
per 100 000), accidents (26 deaths per
100 000), and cancer (5 deaths per
100 000). The age-standardized death
rate from all types of cancers com-
bined first increased from 1970 to 1990,
and then decreased through 2002, yield-
ing a net decline of 2.7%. In contrast,
death rates doubled since 1970 for
COPD and increased by 45% since 1987
for diabetes mellitus (3% net increase
from 1970 to 2002).

When examined by joinpoint regres-
sion analysis, the decrease in heart dis-
ease and cancer death rates continues,
whereas the decrease in the mortality
rates from stroke and accidents has
slowed or stopped since the early 1990s.
In 2002, the leading causes of death were
heart disease among persons aged 75
years or older, cancer among persons
aged 40 to 74 years, and accidents among
persons younger than age 40 years
(FIGURE 2).

Analysis of temporal trends in age-
specific death rates from heart disease

Table. Trends in Age-Standardized Death Rates for the 6 Leading Causes of Death in the United States According to Joinpoint Analyses*

Death Rate†

Joinpoint Analyses: 1970-2002†

Trend 1 Trend 2 Trend 3 Trend 4

1970 2002
%

Change‡ Years
Annual %
Change Years

Annual %
Change Years

Annual %
Change Years

Annual %
Change

All causes 1242.2 844.6 −32.0 1970-1978 −2.3§ 1978-2002 −0.85§

Heart disease 502.6 240.5 −52.1 1970-1977 −2.86§ 1977-1983 −1.07§ 1983-2002 −2.47§

Cancer 198.8 193.5 −2.7 1970-1990 0.43§ 1990-1993 −0.24 1993-2002 −1.09§

Stroke 151.9 56.1 −63.1 1970-1973 −2.15 1973-1982 −5.68§ 1982-1991 −3.01§ 1991-2002 −0.86§

COPD 21.4 43.4 102.8 1970-1979 2.25§ 1979-1985 4.60§ 1985-2002 1.57§

Accidents 62.5 36.9 −41.0 1970-1984 −3.15§ 1984-1988 0.18 1988-1992 −3.40 1992-2002 0.31

Diabetes mellitus 24.6 25.4 3.2 1970-1979 −3.92§ 1979-1987 −0.17 1987-1990 6.17 1990-2002 1.85§
Abbreviation: COPD, chronic obstructive pulmonary disease.
*Joinpoint Regression Program version 3.0 (National Cancer Institute/US National Institutes of Health, Bethesda, Md). The annual % change is based on rates that were age-

adjusted to the 2000 US standard population using joinpoint regression analysis. Specific causes of death are ordered according to the 2002 age-standardized rates.
†Rates per 100 000 age-adjusted to the 2000 US standard population, joinpoint analyses include up to 3 joinpoints.
‡The difference between the 2002 and 1970 rate expressed as percentage of the 1970 rate.
§The annual % change is statistically significantly different from zero (2-sided P�.05).

Figure 1. Trends in Age-Standardized Death Rates for the 6 Leading Causes of Death in the
United States, 1970-2002
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and cancer shows that the decrease in
the mortality rate from heart disease
(FIGURE 3, top panel) affects all age
groups containing individuals aged 40
years or older throughout the entire
time interval, whereas the decrease in
age-specific death rates from all types
of cancer begins later and becomes
smaller in proportionate terms with in-
creasing age (Figure 3, bottom panel).

A different perspective on the tempo-
ral trends inmortality fromheartdisease
and cancer is provided by data on the
number of deaths that occur from these
conditions (FIGURE 4). Because of the
aging and growth of the population, the
numberofdeathsattributed toheartdis-
ease among persons aged 80 years or
older(Figure4,toppanel) increased60%
from1970to2002,eventhoughtheage-
standardizeddeathratedecreasedby40%

Figure 2. Age-Specific US Death Rates for the 4 Leading Causes of Death by 5-Year
Intervals, 2002
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Figure 3. Age-Specific Death Rates for Heart Disease and Cancer for Individuals Aged 40 Years or Older by 10-Year Intervals, 1970-2002
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in this age group over the same period
(Figure 3, top panel). Figure 4 also il-
lustrates the influence of the baby
boomer generation (born after World
War II) as reflected in the pattern of
deaths due to heart disease and cancer
in individualsaged50to59years.Alarge
increase in the number of individuals in
this age group began in approximately
1990,resultinginanincreaseinthenum-
berofcancerdeathsandflatteningrather
than decreasing the number of deaths
from heart disease.

COMMENT

This article provides a concise over-
view of trends in both age-standardized
death rates and numbers of deaths for the
6 leading causes of mortality in the
United States from 1970 to 2002, updat-
ing a similar analysis from 1950 to

1986.10 These findings illustrate the sub-
stantial and continuing progress in re-
ducing the age-standardized death rate
from heart disease, the lack of continu-
ing progress for stroke and accidents, and
the increase in the age-standardized rates
for COPD and diabetes. The study also
illustrates that the reduction in age-
standardized death rates, the best mea-
sure of progress against diseases, is not
synonomous with reducing the num-
ber of deaths from these conditions. In
fact, the number of deaths continues to
increase because of population growth
and aging. It is the number of individu-
als affected by various conditions rather
than the age-standardized rate that in-
fluence the planning and allocation of
preventive and medical services.

Inaccuracies in death certificates and
changes in classification of causes of

death are potential limitations in the in-
terpretation of mortality trends. How-
ever, our analyses are restricted to broad
disease categories for which death cer-
tificate data are more accurate than for
specific diseases.11 Although 2 revi-
sions of the ICD have been imple-
mented in the United States during the
study period (ICD-9 in 1979 and ICD-10
in 1999), there was only 1 significant
discontinuity in these broad disease cat-
egories. The ICD-8 codes developed by
the World Health Organization did not
have a code for COPD without men-
tion of asthma, bronchitis, or emphy-
sema. However, in 1970 the National
Center for Health Statistics intro-
duced a code (519.3), used in the
United States, for this category of dis-
eases, allowing comparability in clas-
sification of deaths due to COPD un-

Figure 4. Number of Deaths From Heart Disease and Cancer for Individuals Aged 40 Years or Older by 10-Year Intervals, 1970-2002
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der ICD-8, ICD-9, and ICD-10.12 The
effect of the changes in ICD rules on the
6 leading causes of death described
herein have been studied by calculat-
ing the comparability ratio based on the
classification of 1 year’s mortality data
by both the new ICD codes and the pre-
vious ICD codes. All comparability ra-
tios (the total number of deaths due to
a specific cause under the new revi-
sion divided by the total number of
deaths under the previous revision) for
the cause of death categories de-
scribed were between 0.99 and 1.06.12,13

Several important insights are sug-
gested by these temporal trends in the
deathratesandnumberofdeathsatvari-
ous ages. First, the decrease in the age-
standardizeddeathratefor4ofthe6lead-
ing causes of death in the United States
represents progress toward one of the
fundamentalgoalsofdiseaseprevention
by extending the number of years of po-
tentially healthy life. This progress has
been greater for heart disease and for ac-
cidental deaths than for cancer, yet even
forcancertheage-standardizeddeathrate
has been decreasing by 1.1% per year
since1993.Less favorabledevelopments
are the slowing of the decline in age-
standardizedmortality rates fromstroke
and accidents since the early 1990s, and
the increase in death rates from COPD
and diabetes.

Several other countries have re-
ported similar slowdowns in the de-
crease in stroke mortality14; this is strik-
ing in the face of a continuing decrease
in age-standardized mortality from heart
disease. Analyses that differentiate sub-
groups of stroke mortality15 suggest that
an increase in hemorrhagic (nonthrom-
botic, nonembolic) stroke may be partly
offsetting a continuing decrease in
thrombotic stroke. A likely explana-
tion for this is increased use of aspirin
and other antithrombotic agents. The re-
duction in the death rate from acci-
dents from 1970 through the early 1990s
coincided with implementation of a 55-
mph speed limit during the first energy
crisis in the 1970s and mandated use of
seat belts in most states16 beginning in
1984.17 The recent flattening of the ac-
cident mortality rate coincides with the

relaxation of the maximum interstate
speed limits since 1987.18,19 The bipha-
sic trend in cancer mortality rates re-
flects both the impact of the tobacco epi-
demic on tobacco-related cancers
through 1990, followed by reduction in
cancer mortality through tobacco con-
trol and advances in early detection, in
treatment, or in both.20 The increase in
COPD death rates results largely from
the long-term effects of tobacco smok-
ing in an aging population,21 whereas the
increase in diabetes mortality since the
late 1980s reflects dramatic increases in
obesity.22

A consequence of the large decrease
in cardiovascular death rates, com-
bined with the high birth rates that im-
mediately followed World War II, is the
growing importance of health and
health care needs in an aging popula-
tion. While improved detection and
treatment for chronic diseases has re-
sulted in declining mortality rates, it has
also increased the prevalence of “treated
disease” and an associated increase in
health care expenditures.23
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