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Alzheimer's Disease as a Cause of

Death in the United States

SYNOPSIS

Objective. To describe the scope of mortality from and trends in Alzheimer's
disease, to show how Alzheimer's disease ranks as a leading cause of death, to
describe a methodological change regarding ranking, and to discuss issues related
to the reporting of Alzheimer's disease on death certificates.
Methods. The authors analyzed mortality data from the National Vital Statistics
System.
Results. Alzheimer's disease has increasingly been reported as a cause of death
on death certificates in the United States; however, this increase may represent a
variety of factors including improved diagnosis and awareness of the disease or
changes in the perception of Alzheimer's disease as a cause of death. In 1995,
Alzheimer's disease was identified as the underlying cause of 20,606 deaths.
Overall, Alzheimeres disease was the 14th leading cause of death in 1995; for
people 65 years of age or older, it was the 8th leading cause of death. Both death
rates and cause-of-death ranking differed by selected demographic
variables.
Conclusions. In recognition ofthe importance ofthe condition as a major public
health problem, Alzheimer's disease was added to the list of causes eligible to be
ranked as leading causes of death in the United -States beginning with mortality
data for 1994. Several issues need to be kept in mind in interpreting mortality
data on Alzheimer's disease, including how diagnoses are made, how the condi-
tion is classified, and the purpose of death certificates.

I n recent decades, Alzheimer's disease has been recognized as an impor-
tant public health problem that has individual, familial, and societal
implications for health, finances, and well-being.'12 While the debilitat-
ing features of this and other dementing conditions have long been
noted, widespread realization that the various conditions are distinct

from normal aging and recognition that therapeutic, curative, and even preven-
tive action may be possible are more recent developments.2'3 Increasing aware-
ness has led to an infusion of research funds for the study of causes, diagnosis,
treatment, and other aspects ofAlzheimer's disease.2,4-6

Although definite diagnosis of the condition still requires autopsy evidence,
the criteria developed by the National Institute of Neurological and Commu-
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nicative Disorders and Stroke (NINCDS) and the
Alzheimer's Disease and Related Disorders Association
(ADRDA) have set standards for the clinical diagnosis of
possible, probable, and definite Alzheimer's disease.7 While
use of standard diagnostic criteria promotes comparability
across research studies, statistical estimates of the prevalence
of Alzheimer's disease continue to vary widely (from 2.4% to
11.3% of the population ages 65 years and older), in part
because of differences between studies (such as in how crite-
ria are operationalized, in opulations examined, or in geo-
graphic areas studied).1-3'

Information from Death Certificates

Using information available from the National Vital Sta-
tistics System, the authors examined data on Alzheimer's
mortality. Data in the National Vital Statistics System come
from death certificates filed in the 50 states and the District
of Columbia.8 The National Center for Health Statistics
(NCHS) has cooperative agreements with each state to com-
pile their data into a national data file.

Medical information collected on the death certificate is
provided in a two-part format as recommended by the
World Health Organization.9 Generally, more than one
cause of death is reported on the death certificate, and
together these causes are referred to as "multiple causes of
death." For each death certificate, one of the causes is
referred to as an "underlying cause of death," defined as the
disease or injury that initiated the train of events leading
directly to death or the circumstances ofthe accident or vio-
lence that produced the fatal injury8 To classify medical
terms on the death certificate, NCHS uses the International
Classification ofDiseases (ICD).8Y10 Generally, the underly-
ing cause is the item tabulated and presented for statistical
purposes in the United States and other countries.8

The availability of data on Alzheimer's disease has
increased as a result of revisions in the ICD. Under the
Eighth Revision of the ICD (ICDA-8)-in effect in the
United States from 1968 through 1978-deaths reported as
caused by Alzheimer's disease were classified under the title
"Senile and presenile dementia" (ICDA-8 290) in the U.S.
Vital Statistics System." It was specifically mentioned as
one of the conditions included under the detailed title "Pre-
senile dementia" (ICDA-8 290.1). With implementation of
the Ninth Revision in 1979 (ICD-9), a separate title was
introduced for Alzheimer's disease (ICD-9 331.0).9

Since the adoption ofICD-9, NCHS publications have
used seven tabulation lists in presenting data on underlying
causes of death.8'12 Among them are the "each cause list,"
which is the entire tabular list ofvalid causes of mortality as
delineated in ICD-9; the "list of282 causes," which includes
all of the causes of death required by the World Health
Organization for international reporting purposes; and the
List of 72 Selected Causes of Death, or "72 cause list,"
which is designed especially for presentation ofhealth prob-
lems considered to be of greatest public health relevance in

the United States. NCHS implemented the "72 cause list"
beginning with 1979 data.

Inclusion of a specific condition or disease on the "72
cause list" makes data on that condition or disease more acces-
sible to researchers because NCHS publishes routine informa-
tion for this list of causes and determines the leading causes of
death using this list.13 However, although Alzheimer's disease
has its own code in ICD-9, it is not separately identified in the
"72 cause list" because of its low frequency as a reported cause
ofdeath when the list was developed; it is included in a resid-
ual category called "Al other diseases."14

NCHS uses a standardized ranking procedure, devel-
oped and first recommended for use in the 1950s by a work-
ing group made up of state and Federal representatives, to
identify diseases of public health importance.13'15 Rankings
are based on the number of deaths for which each of the 37
rankable causes from the "72 cause list" is recorded as the
underlying cause of death (Figure 1).13,14,16 NCHS deter-
mined which causes were eligible to be ranked at the same
time that the seven tabulation lists were developed. Like the
tabulatiQn lists, the eligible causes are similar to those used
in the preceding revision and reflect long-standing decisions
about ranking procedures.9 However, the "72 cause list" and
the eligible causes from this list were modified to reflect
changes between ICD revisions, mortality trends, and sug-
gestions from other Federal agencies about proposed tabula-
tion lists. HIV infection was added as a cause eligible to be
ranked as a leading cause of death in the United States
beginning with mortality data for 1987, and Alzheimer's
disease was added starting with 1994 data.12'16'17
A description of the process leading to death is provided

on the death certificate by physicians-including medical
examiners or coroners-based on all available evidence and
their medical knowledge. This statistical information pro-
vide6 baseline data on a wide assortment of diseases, infor-
mation that is used for a variety of pur oses including deci-
sions about levels of research funding.'

Research on Alzheimer's Disease

Current research-on risk factors, biological and genetic
markers, and potential causes-seeks to find ways to identify
people at risk for Alzheimer's disease before the onset of
symptoms, with the ultimate goal of delaying, if not prevent-
ing the disease.6 Until that is possible, diagnosis and death
set the bounds on the experience of living with Alzheimer's
disease. Knowing what contributes to death rovides infor-
mation about the progression of the disease.Y8r19 Kukull et
al. have suggested that early in the course of the disease, peo-
ple tend to die of unrelated conditions for which recognition
or management are compromised by the existence of
Alzheimer's.19 They also contend that in the case of more
severe or advanced disease, Alzheimer's disease and related
diseases play a more direct role in death.19

The purpose of this paper is to describe the scope of and
trends in mortality from Alzheimer's disease, to show how
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Alzheimer's disease ranks as a leading cause of death, to
describe changes in NCHS ranking procedures that make it
possible for Alzheimer's disease to be ranked, and to discuss
issues associated with reporting of Alzheimer's disease on
death certificates. The usefulness of mortality data for the
total population is limited by underreporting of Alzheimer's
disease on death certificates;20 however, these data can pro-
vide the public health community with useful estimates of
the annual numbers of deaths at national and subnational

levels, can show the ranking of Alzheimer's disease relative
to other causes of death, and can provide information on the
interrelationship of conditions that lead to death.

Methods

We used mortality data from the National Vital Statis-
tics System for the analyses reported in this paper. To show
the number ofdeaths for 1979 to 1995 that were reported to
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involve Alzheimer's disease, we compiled underlying and
multiple cause counts for Alzheimer's disease deaths (ICD-
9 331.0). The underlying cause count reflects physicians'
reports of Alzheimer's disease as the underlying cause of
death-the cause most important in explaining why death
occurred at the time. We also used underlying cause counts
in determining the ranking of causes and the ranking of
leading causes of death. Multiple cause counts reflect any

mention of Alzheimer's disease on the death certificate,
regardless of the specific role the physician indicated
Alzheimer's disease had in causing the death.

We calculated age-specific death rates to show mortality
risk for dying of Alzheimer's disease for the population of a

given age and to use in computing age-adjusted death rates.
(The age-specific death rates are multiplied by a standard
population of the same age, summed, and divided by the
total of the standard population to get age-adjusted death
rates.) The age-adjusted death rates are used to make com-

parisons between groups and over time.8'16 This procedure
removes the effect ofchanges in the population age distribu-
tion over time and of differences in the distribution between
groups. Since most people with Alzheimer's disease reported
on their death certificates are 65 years of age or older, we

computed a parallel set of death rates
for people in that age group. These
rates were adjusted to remove the effect
of changes in the population age distri-
bution at 65 years of age or older.

Results

1995 mortality and 1979-1995 trends.
In 1995, Alzheimer's disease was
reported as the underlying cause of
20,606 deaths, with 20,230 of these
deaths to people 65 years of age or
older. Multiple cause data indicate that
in 1995, Alzheimer's disease was listed
as one of the causes of death on a total
of 41,419 death certificates for all ages
and 40,836 for people 65 years of age
and older. Thus the total number of
death certificates in which Alzheimer's
disease was either recorded as the
underlying cause of death or men-
tioned elsewhere on the death certifi-
cate was twice the number for which it
was recorded only as the underlying
cause of death (Figure 2).

As underlying cause. The trend for 1979
through 1995 in death rates for
Alzheimer's disease as an underlying
cause showed an increase (kigure 2),
but the reasons for this increase in
reporting are not clear, as discussed

below. The age-adjusted death rate increased from 0.2
deaths per 100,000 standard population in 1979 to 2.7
deaths per 100,000 standard population in 1995. The corre-

sponding age-adjusted death rate for people 65 years and
older (Figure 2) increased from 2.5 deaths per 100,000 stan-
dard population in 1979 to 37.5 deaths per 100,000 stan-
dard population in 1995. While increases occurred through-
out the time period, the rate of increase diminished
substantially after 1985. Nevertheless, Alzheimer's disease
showed the highest increase from 1994 to 1995 in the age-

adjusted death rate of the 15 leading causes of death (data
not shown).

Death rates for Alzheimer's disease as an underlying
cause differed across age groups. In 1995, death rates ranged
from 0.1 deaths per 100,000 population for people 45 to 54
years of age to 274.7 for people 85 years and older (Figure
3). The ratio of death rates for those 85 and older to death
rates for those 45 to 54 years of age has increased over time
as reporting has increased at the older ages. From 1994 to
1995, death rates for people 65 to 74 years old increased
merely 1% while the increase for people 75 to 84 years of
age was 10% and for those 85 years and older it was 9%.

Differentials persists in death rates for Alzheimer's dis-
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Figure 1. Age-adjusted death rates per 100,000 standard population for
Alzheimer's disease as an underlying cause of death or one of multiple
causes of death, decedents ages 65 years and older, United States,
1979-1995
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NOTE: Rates for Alzheimer's disease as one of multiple causes includes deaths for which the
disease is listed as the underlying cause and deaths for which it is mentioned as one of the
causes.
SOURCE: National Center for Health Statistics, National Vital Statistics System
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ease as underlying cause by other demographic characteris-
tics such as ethnicity and sex.21 In 1995, age-adjusted rates
for older males (37.7 per 100,000 standard population) were

not significantly different from those for older females (37.1
per 100,000 standard population), in contrast to the roughly
70% difference in 1979 (Table 1).

Age-adjusted death rates for Alzheimer's disease tended
to be greater for states in the Northeast and Northwest than
for the United States overall (Figure 4); however, the differ-
ential between states diminished somewhat over time. For
people 65 years or older, the highest age-adjusted state
death rate for the period 1990-1994 was just under four
times greater than the lowest age-adjusted state death rate,
down from 4.25 times the lowest rate during the period
1979-1983.

Ranking. In 1994, Alzheimer's disease was the 14th leading
cause of death for all ages combined, and the 9th for people
ages 65 years and older (Table 2). In 1995 Alzheimer's was

ranked as the 14th leading cause for all age groups com-

bined but 8th for people 65 years old and older.22 As in
many other causes of death, Alzheimer's disease death rates
differ by demographic characteristics. In 1995, Alzheimer's
disease's ranking as a leading cause of death varied dramati-
cally between the younger and older age groups (Table 2).
The rank was higher in 1995 than in 1994 for males and for
males and females 65 years and older. IfAlzheimer's disease
had been ranked before 1994, it would have been the 11th
leading cause of death for people 65 years or older for

1987-1993 and the 15th leading cause of
death for people of all ages in 1993.16

Discussion

Physicians are increasingly reporting
Alzheimer's disease as a cause of death on
death certificates. The reasons for this increase
are not clear; however, some possibilities will
be offered in this discussion.

Flexibility versus comparability. The United
States has routinely published mortality data
using information from death certificates
throughout this century. Having comparable
data is important in order to analyze trends;
however, scientific fields and their terminol-
ogy evolve. A built-in means for staying
abreast of the evolution in terminology is the
periodic revision of the ICD and routine eval-
uation studies of the effects ofchanges in clas-
sification on mortality statistics. However,
occasionally changes need to be made between
ICD revisions.
Since the implementation of ICD-9, HIV
infection emerged and quickly became a major
public health issue and Alzheimer's disease

was increasingly recognized as an important public health
issue as well.2 In response to these two developments, access

to data on these causes was improved by adding tabular
material to routine publications and making both causes eli-
gible for ranking. The addition of HIV infection to the list
of rankable causes of death effective in 1987 and the addi-
tion of Alzheimer's disease as a rankable cause of death
effective in 1994 demonstrate a needed flexibility on the
part of NCHS in the presentation of health data for the
identification and surveillance of health problems. Yet
NCHS tabulation lists using ICD-9 codes remained as they
were when ICD-9 was first introduced, ensuring compara-

bility and continuity in mortality tabulations over time.

Issues in the use and interpretation ofdata.

Categorization. Categorization of Alzheimer's disease in
mortality statistics depends on the way the disease is
reported on death certificates. The specific terms used to
report a dementing condition will determine how a death is
categorized under the classifications outlined in the ICD. It
is possible that some Alzheimer's disease deaths will be clas-
sified under titles other than the separate category of
Alzheimer's disease. In some circumstances, it may be useful
for researchers to aggregate data on a group of dementing
conditions. This might be done, for example, to examine
mortality in people with similar symptoms or to include
deaths that may have been due to Alzheimer's disease but
were not reported specifically as such.
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Figure 2. Death rates for Alzheimer's disease as the underlying
cause of death, by age group, United States, 1995

1000

100
0.

0

0

0.1

4.0

45-54 5544 65-74 75-84 85 and over

SOURCE: National Center for Health Statistics, National Vital Statistics System

,r

Public Health Reports 501



Scientific Contribution

Figure 3. Age-adjusted death rates per 00,000 standard population and 95% confidence intervals for decedents

65 years of age and older, by state, United States, 1990 to 1994
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1995
65 and

All ages older

0.2 2.5 2.7 37.5
0.3 3.1 2.7 37.7
0.2 2.0 2.7 37.1

SOURCE: National Center for Health Statistics, National Vital Statistics
System

Reporting and diagnosis. Medical personnel reporting deaths
on the death certificate are reporting their opinion of the
causes or sequence of causes contributing to death based on
their medical knowledge and the available evidence. Thus,
they should have diagnostic evidence that a condition
existed, believe in general that the condition could be a
cause of death, and believe that the condition contributed to
death in this specific case. If the physician (including med-
ical examiners or coroners) does not believe that
Alzheimer's disease played a role in causing a death even if
the decedent was thought to have suffered from the disease,
then Alzheimer's disease should not be reported. For this
reason, the death certificate is not an appropriate source of
data on incidence or prevalence.

The accuracy of mortality data is dependent on the abil-
ity of medical personnel to identify the condition. Some
suggest that Alzheimer's disease should always be reported
on the death certificate for every decedent diagnosed as hav-
ing the disease;23-25 however, this view is not universally
held. Interest or willingness to make a diagnosis of any dis-
ease may reflect awareness, training, and knowledge; the
potential benefits for treatment in making a diagnosis; and
the tools available to make a diagnosis. While diagnostic

tools and knowledge and awareness of Alzheimer's disease
have increased,6 treatment options are still fairly limited.

Several studies have documented that Alzheimer's dis-
ease is not necessarily reported on the death certificate for
people diagnosed as having the disease.19,20,24'26 Reporting
is more likely when the condition is more severe.19'20 A few
studies have found reporting differences depending on the
place ofdeath (nursing home versus hospital), but this is not
consistent across studies.20'27'28 Inclusion on death certifi-
cates does not seem to differ by sex.20'27

While researchers have begun to examine the character-
istics and settings that are associated with reporting on the
death certificate, factors affecting individual physicians'
decisions about putting Alzheimer's disease on the death
certificate have not been examined. Possibly, diagnostic evi-
dence is more likely to be available in nursing home records
than in hospital records or perhaps nursing home medical
personnel are more familiar with individual medical histo-
ries. Diagnosis is more likely when the condition is more
severe. However, these studies have not examined the possi-
bility ofmedical personnel dismissing Alzheimer's disease as
a possible cause of death even when the diagnosis is made.
Finally, some research suggests that reporting levels are
improving over time,27'29 which may reflect changes in
awareness within the medical community.20'25

While a research study can control and standardize diag-
nostic criteria, death certification relies upon variable diag-
nostic evidence. The existence of a set of standard diagnostic
criteria2,7,30 such as those in the NINCDS-ADRDA guide-
lines has the potential for raising the adequacy of diagnosis in
the general population to the point that measures of preva-
lence and mortality are reasonable for surveillance purposes.
The degree to which medical personnel do a diagnostic
workup probably reflects the benefits they perceive of having
that diagnostic evidence and may depend on the specialty of
the physician.31 Failure to diagnose Alzheimer's disease
would still result in underreporting on death certificates; on

Table 2. Rank of Alzheimer's disease among I5 leading causes of death and number of deaths in which Alzheimer's
disease was reported as the underlying cause of death by selected characteristics, United States, 1994 and 1995

1994
Number of deaths Rank

1995
Number of deaths

All ages .....................

Male.....................
Female .....................
Under 65 years of age ........

Male .....................

Female ...................

65 years of age or older .......

Male .....................

Female ...................

14
a

8
a

a..

a

a

9
10
8

18,584
6377

12,207
367
175
192

18,217
6202

12,015

14
15
8
a

a..

a

a

8
9
8

20,606
6999

13,607
376
162
214

20,230
6837

13,393

NOTE: Ranking based on number of deaths for which the condition was reported as the underlying cause of death.
'Alzheimer's disease was not one of the 5 leading causes of death for this group.

SOURCE. National Center for Health Statistics, National Vital Statistics System
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Table I. Age-adjusted death rates per 100,000 standard
population for Alzheimer's disease as the underlying
cause of death, United States, 1979 and 1995

1979
65 and

AD ages older

Sex ..........
Men ........
Women .....

Characteristic Rank
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the other hand, reporting influenced by diagnostic fashion
could be overinclusive, which would result in overreporting.32

Changes in diagnostic practices having an impact on
mortality statistics is not without precedent. For example, in
the case ofbrain tumors, an analysis of mortality trends con-
cluded that technological advances in diagnosis as well as
increasing willingness to do diagnostic workups for the
elderly resulted in increasing death rates over time.33 In
part, the trend in Alzheimer's disease may also reflect
changes in awareness and diagnostic testing.

Demographic differentials. As reporting ofAlzheimer's disease
has increased, differentials by ethnicity, sex, and geography
have attenuated while those by age have increased. Increases
in reporting of Alzheimer's deaths, particularly among the
very old, probably reflects improvements in reporting on
death certificates. Strong positive associations between age
and Alzheimer's disease incidence and prevalence are repeat-
edly found in studies.3'5 Mortality data from vital statistics
indicate that males are at a survival disadvantage compared
to women; however, for Alzheimer's disease this differential
lessened over time between 1979 and 1995. There is some
evidence in the literature to support the finding ofa differen-
tial between males and females in death rates,5 but perhaps
the attenuation of the differential over time in vital statistics
represents im2provement in mortality information available in
recent years.2 It is likely that for Alzheimer's disease as for
other causes ofdeath some ofthe geographic differences rep-
resent diagnostic and reporting differences rather than real
differences in mortality risk from this cause.

Leading causes. Work by Katzman23 is often cited in the
literature to suggest that Alzheimer's disease is the fourth or
fifth leading cause of death.20 In 1976 when Katzman was
writing about Alzheimer's disease, mortality data were clas-
sified according to ICDA-8.11 Alzheimer's disease was not
classified separately but was included in the specific cate-
gory of "Presenile dementia" (ICDA-8 290.1) and broader
category "Senile and presenile dementia (ICDA-8 290), for
which relatively few deaths were reported. Instead of using
the reported number of deaths for the broader category,
which ignores the distinction by age of onset, Katzman esti-
mated the number of deaths of people dying "with senile
dementia" using estimates of the prevalence and mortality
risk of Alzheimer's disease.23 This estimated number of
deaths placed Alzheimer's disease around the fifth leading
cause of death at the time.

Katzman's procedure, however, differs from the NCHS
procedures, which require explicit reporting of the condition
on the death certificate as the underlying cause and require
that the condition be among the rankable causes of death.
Katzman's method seems to assume that in all of the esti-
mated 60,000 to 90,000 deaths, Alzheimer's disease would
be reported as the underlying cause of death on the death
certificate. However, we suspect that even ifAlzheimer's dis-
ease had been reported, in a substantial percent of cases it

was likely to have been reported as contributing rather than
causing death. The 60,000 to 90,000 estimate for
Alzheimer's disease as a multiple cause would have placed it
around the eighth leading cause of death relative to the mul-
tiple cause counts for causes eligible for ranking in the 1970s.

ICD-10. NCHS uses the ICD to classify mortality data, and
the ICD is revised periodically. Currently, NCHS is using the
Ninth Revision, but a Tenth Revision has been developed.34
NCHS plans to implement the Tenth Revision for data year
1999. NCHS's recent addition of Alzheimer's disease to the
list of rankable causes of death anticipates changes that will
take place with the implementation ofICD-10 in addition to
fulfilLng current public interest in getting better access to
these data. Under ICD-10, Alzheimer's disease is one of the
conditions listed separately in WHO's recommended "Gen-
eral Mortality-Selected List"34 and therefore will also be
included in the ICD-10 version ofthe tabulation list, which is
currently being developed.

Conclusions

While the number of people afflicted with Alzheimer's
disease may be increasing simply because the population is
aging, some research suggests that the prevalence has
increased as well.35 Data from death certificates also indi-
cate an increasing trend for mortality; however, the reasons
for the mortality trend are not straightforward. It is likely
that this trend primarily reflects improvements in reporting
and diagnosis. However, the rate of increase in reporting
slowed substantially after 1985. In recognition of the fre-
quency with which Alzheimer's disease is reported as a
cause of death and the high level of interest in this condi-
tion, NCHS has made several changes to make data on this
condition more accessible to the public (such as making it
eligible for ranking, adding tabular material to routine pub-
lications, and putting tables up on Internet sites).

Alzheimer's disease causes substantial functional impair-
ment for many in the elderly population, creates an increas-
ingly demanding role for informal and formal caregivers,
complicates treatment of other medical conditions, and, in
the end, shortens many elderly people' lives.6'19 The public
health community attempts to play a role by developing
programs to respond to each of the various effects of
Alzheimer's disease; statistics on this disease provide an
essential basis for developing these programs. Statistics on
the size of the community afflicted and the numbers dying
with the condition provide information on the resources
needed to solve specific problems. Information on how the
disease unfolds and relationships between Alzheimer's dis-
ease and other conditions contribute to current palliative
care and point out further research needed.
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