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S Y N 0 P S I S

Objectives. To estimate the prevalence and correlates of dementia at death
and to assess the usefulness of death certificate data in the reporting of
dementia.

Methods. The authors analyzed next-of-kin interviews for 599 male and 628
female decedents using data from the National Institute on Aging's Survey
of the Last Days of Life.

Results. Death certificate data in this population show the prevalence of
dementia to be less than 1%, consistent with previous reports based on
death certificates but a substantial underestimate compared to the 1 1.9%
reported in a national survey. Using a dementia index based on the infor-
mant's report of whether the decedent had been diagnosed with a dement-
ing illness and the extent of her or his cognitive and functional limitations,
this study found a prevalence of dementia of 8.5%.

A high score on the dementia index was significantly associated with older
age, Parkinson's disease, and incontinence. Lower relative odds for dementia
at death were found for people with either a lifetime history or a death cer-
tificate report of cancer. Similarly, people with a lifetime history of coronary
heart disease were found to have lower relative odds for dementia at death.

Conclusion. These results suggest that informant interviews may be a useful
source of data to examine factors associated with dementia and to estimate
the prevalence of dementia in the last year of life.
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T he prevalence of dementing illnesses among
older Americans is difficult to estimate. Sur-
veys have established a prevalence of
chronic dementing illnesses among Ameri-
cans ages 65 and older in the range of 4% to

11%, with an approximately exponential curve starting
from 1%-2% at age 60 and doubling with every five to
seven years of increasing age.",2 These surveys have usu-
ally not included institutionalized people, although it is
known that a very high proportion of older people in
nursing homes have dementing illnesses. A second fac-
tor likely to lead to low prevalence estimates is non-
response bias since it seems likely that people with early
or mild cases of progressive dementia may fail to
respond to such surveys.

Death certificates are another potential source of data
on the prevalence of dementia at death. Analyses of death
certificate data have typically shown a less than 1% preva-
lence of dementing illnesses among Americans ages 65
and older. Since the common dementing illnesses are
irreversible, the prevalence at death should be identical
with the age-specific cumulative incidence and with
prevalence in the population, yet death certificates have
been shown to be an unreliable source of prevalence esti-
mates.3-8 Many deaths from dementing illnesses are not
recorded as such on death certificates. In recording cause
of death, physicians tend to minimize the importance of
cognitive impairment and dementia. Dementia is usually
not listed as a contributing cause on death certificates
and may not be mentioned in the hospital record from
the final hospital admission. People who are profoundly
demented are likely to die of pneumonia, sepsis, or some
other infectious process, although the dementing illness
is often a contributing factor.

There is now good evidence that people with
dementia have higher mortality rates than the general
population and that the increased risk of dying may vary
with the type of dementia (Alzheimer's disease, vascular
dementia, or other), the age of onset, and other factors.9
Yet it is often unclear if comorbid conditions influence
the appearance or course of dementing illnesses or if
dementia influences the course of other terminal ill-
nesses or other aspects of functioning.

A large proportion of dementia cases remain unrec-
ognized by family, friends, and health care providers
until relatively late in the clinical course, also contribut-
ing to the problem of under-reporting. In the case of
Alzheimer's disease, the standardized diagnostic criteria
include the requirement that the clinical manifestations
be apparent for at least six months;'0 thus efforts to

assess the true prevalence of dementia at death are
made more difficult. Further, the description of the con-
tribution the dementing illness makes to death or to
reduced health and functioning during the final weeks
and months of life is more complicated for dementing
illnesses than for other illnesses.

Accurately estimating the prevalence of dementia in
general populations would require careful, comprehen-
sive surveys that include a full and detailed evaluation
of a representative sample of the population or of a sam-
ple of the population selected with the use of screening
instruments whose sensitivities and specificities are
precisely known for the specific population in which
they are employed. Because of these requirements, and
because of a nonresponse bias common in such surveys,
it seems unlikely that precise estimates of the lifetime
prevalence of dementia and of the age-specific preva-
lence of dementing illnesses developing in the final year
or two of life would ever be possible.

In an attempt to approximate the prevalence of
dementing illnesses near the time of death, we under-
took the present study, which was designed to: (a)
assess the usefulness of death certificate data in deriv-
ing estimates of the prevalence of dementing illnesses
by comparing prevalence estimates based on death cer-
tificates and informants' recall and (b) to describe the
symptoms and demographic characteristics associated
with dementing illnesses in the final year of life.

M E T H 0 D S

Survey of the Last Days of Life. In 1985 to 1986,
the National Institute on Aging conducted the Survey of
the Last Days of Life (SLDOL), in which data were col-
lected on 1 500 death certificates, a stratified random
sample of the approximately 4000 death certificates reg-
istered between October 1, 1984, and September 30,
1985, for people ages 65 years and older in Health Ser-
vice Area Number 1 (HSA-1), part of Fairfield County,
Connecticut.

The purpose of SLDOL was to describe the circum-
stances of death for the population studied such as
who died peacefully while asleep, who died in great
pain, who died in the presence of family and friends,
who died after a long illness with full awareness of
impending death, and who died suddenly with no warn-
ing. In addition, the study obtained descriptive data on
the decline in physical, cognitive, and sensory function-
ing and the use of hospitals and nursing homes in the
last year of life. Finally, the study was designed to pro-
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"Our findings appear to confirm a substantial underreporting
of dementia on death certificates."

vide information on the lifetime history of a variety of
medical conditions present at the time of death-
among them the dementing illnesses that are the focus
of the analyses conducted for the present study.

The SLDOL field staff stratified death certificates
by age and sex of the decedent and abstracted the fol-
lowing information: all listed causes of death, the date
and time of death, and the name of the death certificate
informant.

Using a structured questionnaire, trained interview-
ers interviewed the death certificate informant, usually
the spouse (for 33% of decedents) or an adult child
(38%), approximately three months after the death.
Interviews were completed for 1227 decedents, repre-
senting 82% of the selected sample. Questions included
items related to health, residence, use of health care,
orientation, recognition of friends and family members,
and activities and functional abilities. Further details of
the study design and methodology have been described
elsewhere. "

Identifying dementia based on death certificates.
For the present analyses, we defined a medical diagno-
sis of dementia as the appearance anywhere on the
death certificate as a contributing cause of death of the
following International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes: 290
("senile and presenile organic psychotic conditions"),
294 ("other organic psychotic conditions" [chronic]),
3 10 ("specific nonpsychotic mental disorders due to
organic brain damage"), or 331 ("other cerebral degener-
ations"; this category includes Alzheimer's disease).'2

Identifying dementia based on informant inter-
views. For the present analyses, we developed a com-
posite dementia symptomatology index based on the
answers to questions concerning the decedent's medical
diagnosis of dementia, cognitive function on a typical
day one year before death and a typical day one month
before death, and functioning in activities of daily living

one year before death. While the index has not been
independently validated, abundant information supports
declines in cognitive and physical functioning as usual
manifestations of the common dementing illnesses. 13-16

The questions were as follows:

(a) To determine whether the person had been given a
medical diagnosis of dementia: "Was (the decedent)
diagnosed by a physician to have Alzheimer's disease,
chronic brain syndrome, dementia, senility, or any other
memory or orientation impairment?" (0 = no, 1 = yes)

(b) To assess the decedent's cognitive function on a typ-
ical day one year before death and on a typical day one
month before death: "On that day how often did he/she
have difficulty in any of the following areas: (1) recog-
nizing family members or good friends; (2) understand-
ing where he/she was or what year it was?"

For each time frame, responses were given a single
cognitive function score between 0 and 2 (0 = "hardly
ever or never," I = "sometimes," 2 = "most of the time").

(c) To determine the decedent's level of physical func-
tioning one year before death: We asked informants how
the person performed on six items from the Katz Activi-
ties of Daily Living (ADL) Scale (feeding, bathing, per-
sonal grooming, transferring from bed to chair, using the
toilet, and dressing).'6

Responses were scored as follows: 0 = "indepen-
dently," 1 = "required assistance from another person," 2
= "was totally dependent." Thus the highest possible
score was 12; however, to ensure that a decedent could
not be classified as demented based on ADLs alone, we
collapsed the total ADL score into four categories (0, 1
= 1-2, 2 = 3-5, 3 = 6-12) before summing the total
dementia index score.

We then summed the scores for the three questions
at one year before death. For the analyses presented
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here, we have employed an index value of 4 or higher
one year before death with no improvement in cognitive
function a month before death as evidence of the exis-
tence of dementia one year before death. Thus a diagno-
sis of Alzheimer's disease alone was not sufficient to
define a person as having a dementing illness; nor would
a person be defined as demented who had a significant
impairment in ADLs a year before death that had
improved by a month before death.

Comparing prevalence estimates. To examine
underreporting of dementia on death certificates, we
compared the rate of death certificate diagnoses with
the rate of informant-reported medical diagnoses and
the rate of dementia scores of 4 or higher for the
SLDOL. We also compared our prevalence rates with
the rate of informant reports of a dementia diagnosis in
the National Mortality Followback Survey (NMFS)
conducted in 1986 by the National Center for Health
Statistics. 17

Association of age and sex with dementia. To
assess the effects of age and sex on the prevalence of
indicators of dementia in the last year of life, we tabu-
lated the frequencies of a reported dementia diagnosis,
of cognitive and physical functioning in the last year of
life, and of a dementia index score of 4 or higher by age
and sex of the decedent. We also examined the reported
diagnosis of dementia in NMFS by age and sex.

Health factors associated with dementia. We
obtained the following information on decedents' med-
ical history from the informants: (a) whether the dece-
dent had ever been diagnosed with Parkinson's disease,
hip fracture, stroke, cancer, or heart disease, (b) inconti-
nence, as measured by asking the informant how often
the subject had had difficulty controlling his/her urina-
tion or bowel movements. The decedent was classified
as incontinent if unable to control his/her urination or
bowel movements on a typical day one year prior to
death.

From death certificates we identified decedents for
whom the following were listed among the causes of
death: coronary heart disease, cancer, pneumonia, and
stroke among people with no prior history (according to
informants) of that condition.

We obtained information on decedents' occupation
and years of education from death certificates.

We used logistic regression models to look at the
association between dementia scores of 4 or higher and

the following variables: education, occupation, and
informant-reported history of antemortem stroke,
Parkinsonism, coronary heart disease, cancer, hip frac-
ture, incontinence, and hearing impairment. Each vari-
able was examined in a separate model adjusted for age
and sex.

RESULTS

The mean age at death for the 1227 decedents was 77.9
years for men and 81.6 for women.

Prevalence of dementia. Dementia was listed as the
primary (underlying) cause or a contributing cause of
death on the death certificate for only 10 (0.8%) of the
1227 decedents, of whom 6 (0.5% of 1227) were also
reported by the informant to have received a medical
diagnosis consistent with dementia. Informants reported
a medical diagnosis of dementia for a total of 114 of the
1227 decedents (9.3%) (see Table 1).

We calculated a dementia symptomatology index score
of 4 or higher for 104 (8.5%) of the 1227 decedents; of
this group, 71 had been diagnosed with a dementing ill-
ness during their lives, according to informants.

The prevalence of a dementia index score of 4 or
higher one month before death (14%) was approximately
double the prevalence one year before death (8.5%).

Age and sex effects. As shown in Table 2, the fre-
quency of both a diagnosis of dementia, as reported by
informants, and reported difficulty with orientation or
recognition of family members or friends one year before
death increased with advancing age.

The prevalence of non-independence in three or
more activities of daily living one year before death was
substantially higher than the prevalence of cognitive diffi-
culties but showed a similar pattern of increasing with
advancing age, as did the prevalence of a dementia index
score of 4 or higher one year before death.

Problems with orientation, person recognition, and
daily activities increased with advancing age and were
reported more often for women than men. These prob-
lems were more prevalent one month before death than
one year before death.

Health factors associated with dementia. Decedents
with a dementia symptomatology index score of 4 or
higher tended to be older, female, less educated, and to
have had a stroke, Parkinson's disease, hip fracture, and
incontinence. In addition, cancer and coronary heart dis-
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"Differences may occur across communities in the
frequency with which a diagnosis of dementia is recorded
on the death certificate."

ease were found to have been reported less frequently in
decedents with higher dementia index scores than in
decedents with lower scores (Table 3). The death certifi-
cate data supported a modestly higher prevalence of coro-
nary heart disease but dramatically higher prevalence of
cancer among decedents with lower (<4) dementia symp-
tomatology indices.

The association of high dementia symptomatology
with female sex failed to reach statistical significance
when logistic regression methods were utilized to control
for age. Controlling for both age and sex, statistically sig-
nificant associations were observed with incontinence,
Parkinson's disease, coronary heart disease (inverse), and
cancer (also inverse). In these logistic models, associa-
tions with higher dementia index scores did not reach sta-

tistical significance for stroke, hip fracture, low educa-
tion, or occupation (Table 3).

DISCUSSION

Our findings appear to confirm a substantial underreport-
ing of dementia on death certificates.4 The prevalence of
a death certificate diagnosis of dementia in our sample
(0.8%) was much lower than the 4.7% reported in
NMFS,' suggesting that differences may occur across
communities in the frequency with which a diagnosis of
dementia is recorded on the death certificate, even
though the prevalence in the population may be relatively
similar. Similarly, a diagnosis of dementia was mentioned
on the death certificate but not reported by the informant
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in only a few cases in our study, but in 2% in NMFS.
We observed an informant-reported prevalence of a

medically diagnosed dementing illness of 9.3% in a sam-
ple with a mean age at death of 79.8 years. The corre-
sponding figure from NMFS was 11.9%. These figures
are similar and are very close to prevalence estimates gen-
erated by population-based surveys for people ages 75 to
80.2 The findings are especially remarkable in light of the
reports in previously published community surveys that
most of the people in whom a dementing illness is identi-
fied clinically have not previously received a medical
diagnosis of dementia and that a substantial proportion
may not even have been recognized as having a problem
with thinking or memory by family members.'8 If the ratio
of clinically recognized to unrecognized dementia is simi-
lar in the final year of life to the ratio observed in larger
population surveys, the true prevalence of dementia may
be higher than indicated either by our estimates or by
other community surveys.

The fact that families and medical providers often
fail to recognize or acknowledge dementing illnesses in

such community studies is a limitation of our study.
However, the use of the index of dementing illnesses
seems to have alleviated that limitation to some degree.
Another possible limitation is in the validity and reliabil-
ity of the responses provided by informants for the dece-
dents. Recall, however, that for some 70% of the dece-
dents the informants were either the spouse or
offspring, and almost 90% of the informants had seen
the decedent in the last three days of life. If the infor-
mants had not been particularly knowledgeable of the
circumstances surrounding the death, we would have
expected a high rate of "Don't know" responses in the
survey. In fact, the percentage of "Don't know"
responses for physical and mental functioning one year
prior to death ranged from about 1% to 3%. A third pos-
sible limitation of the study concerns how representa-
tive the geographic location of the study is. Whereas
Fairfield County as a whole is known to be a high-
income area, some sections of HSA-1 included in our
sample are low-income inner-city areas of Bridgeport
and Norwalk. While no single geographic area could be
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presumed to be totally representative of the nation as a
whole, many of our findings have been confirmed in
NMFS, a national study.'7

Based on informants' reports of behavior one year
before death, we calculated a dementia score of 4 or
greater for 81 (71%) of the 114 decedents in our study
who were reported to have been diagnosed as demented
during life. Thirty-seven others met our criterion of a
dementia score of 4 or higher at one year before death
without improvement at one month before death but
reportedly never received a medical diagnosis of a
dementing disease. It is likely that some of the people
diagnosed with a dementing illness in the final year of life
were functioning at a fairly high level a year before death;
in addition, the presence of dementia may not have been
recognized by medical providers in some people whose
personal and social functioning one year before death was
consistent with a diagnosis of dementia.

Our age-specific prevalence values for a dementia
score of 4 or higher approximate previously published
estimates encompassing a wide range of severity.19-22
Since an index of 4 probably corresponds to a moderate
level of dementia, it seems likely that our estimates are

conservative. The results presented here, interpreted in
light of these several issues, suggest that the lifetime
prevalence of dementia may be substantially higher than
has been supposed on the basis of community surveys.

The strong associations of a high dementia score with
older age, Parkinson's disease, and incontinence were
expected. Our failure to find a statistically significant
association between dementia symptomatology and
stroke, while troubling, may be attributable to stroke
being commonly associated with death even among non-
demented people. The inverse relationship observed
between a high dementia symptomatology index and can-
cer and coronary heart disease indicates that in this sam-
ple, cancer and coronary heart disease were more com-
mon among people dying without symptoms of dementia.
We do not interpret this as evidence that cancer and
heart disease protect older people from becoming
demented. Rather, it may reflect an increased risk of
dying from conditions such as pneumonia or infected
decubitus ulcers in demented people-that is, conditions
not likely to be so life-threatening in ambulatory, non-
demented people without another serious illness such as
cancer or heart disease.
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