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Background: Alzheimer disease (AD) is considered a
leading cause of death, but few studies have examined
the contribution of AD to mortality based on follow-up
of representative US cohorts.
Objective: To examine mortality rates, duration of survival, causes of death, and the contribution of AD to the
risk of mortality in an aging community-based cohort,
controlling for other predictors.
Design: Fifteen-year prospective epidemiological study.
Mortality rates per 1000 person-years and the populationattributable risk of mortality were determined. Cox proportional hazards models were used to estimate relative risk
of mortality due to AD, adjusting for relevant covariates.
Death certificates were abstracted for listed causes of death.
Setting: A largely blue-collar rural community in southwestern Pennsylvania.

Main Outcome Measure: Mortality.
Results: In the overall cohort, AD was a significant predictor of mortality, with a hazard ratio of 1.4 after adjusting for covariates. The population-attributable risk
of mortality from AD was 4.9% based on the same model.
Examining the sexes separately, AD increased mortality
risk only among women. Death certificates of AD subjects were more likely to list dementia/AD, other brain
disorders, pneumonia, and dehydration, and less likely
to include cancer.
Conclusions: Alzheimer disease was responsible for 4.9%
of the deaths in this elderly cohort. Alzheimer disease increased the risk of mortality 40% in the cohort as a whole
and separately in women but not in men. The mean (SD)
duration of survival with AD was 5.9 (3.7) years, and
longer with earlier age at onset.

Participants: A community-based cohort of 1670 adults

Arch Neurol. 2005;62:779-784

65 years and older at study enrollment.
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C

LINICAL EXPERIENCE AND

empirical data suggest
that Alzheimer disease
(AD) is a leading cause of
death1 and shortens life2,3
in elderly persons. Health care providers,
planners, and policy makers need to know
more specifically how much AD increases or contributes to mortality risk in
the population at large, with or without
adjustment for the effects of other known
predictors of mortality.
We report on the specific contribution of AD to mortality during a 15-year
period in a prospective epidemiological
study of older adults (ⱖ65 years) in a
largely rural area in southwestern Pennsylvania. Our cohort’s overall mortality
rates are comparable to the national average.4,5
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METHODS

STUDY SITE AND POPULATION
The Monongahela Valley Independent Elders
Survey (1987-2002) was conducted in a population with low income and education levels.
Sampling and recruitment procedures have
been described previously.6 Study procedures
were approved annually by the University of
Pittsburgh institutional review board. A total
of 1681 participants (1422 randomly selected
from the voter registration list and an additional 259 volunteers from the same area) were
assessed at study enrollment (wave 1, 19871989).7 Participants were reexamined in a series of biennial data collection waves.
Mortality rates were estimated from wave
1 until death or the end of the study (December 31, 2002). Cohort size was 1670 after eliminating 9 participants with unknown dementia type and 2 with unknown onset date
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(described later). The duration of follow-up ranged from 0.02
to 15.8 years (mean[SD], 10.3 [4.6] years).
Wave 2 (1989-1991) served as the baseline for the mortality predictor analyses because several relevant variables (described later) were first measured then. Between waves 1 and
2, 340 individuals died, relocated, or dropped out; 1 had unknown dementia type (described later); and 45 had missing data
for 1 or more relevant variables. Mortality risk until study end
was examined in the remaining 1295 participants.

SCREENING
Participants provided written informed consent and underwent screening, including the Mini-Mental State Examination,8 a brief general mental status test, and a modified Center
for Epidemiological Studies Depression Scale.9 Ability to perform instrumental activities of daily living (IADL) was assessed using the Older Americans Resources and Services10 scale.
Overall morbidity was estimated by the number of regularly
taken prescription medications.11

DIAGNOSIS OF AD
At each wave, participants operationally classified at screening as cognitively impaired or declined were asked to undergo
a clinical examination for dementia.6 A comparison group of
cognitively intact participants, matched on age, sex, and education to subjects with dementia at wave 1, was randomly selected for clinical examination. The assessment protocols were
those of the Consortium to Establish a Registry for Alzheimer’s Disease12 and the University of Pittsburgh Alzheimer Disease Research Center, modified for field use. Clinical examinations were performed blind to screening cognitive scores. A
consensus diagnosis process established or ruled out the diagnosis of dementia according to the Diagnostic and Statistical
Manual of Mental Disorders, Revised Third Edition13; the presence of probable or possible AD according to the National Institute of Neurological and Communicative Disorders and
Stroke–Alzheimer’s Disease and Related Disorders Association criteria14; and stage of dementia according to the Clinical
Dementia Rating Scale.15 We categorized as AD all those with
Clinical Dementia Rating Scale scores of 0.5 or higher also meeting the criteria for probable or possible AD. A date of onset was
estimated based on all available evidence, including cognitive
test scores, functional ability, self-report of memory loss, medical record information, and staff observations, at successive assessments over time.

MORTALITY AND CAUSE OF DEATH

on mortality rates, we used the formula typically used with longitudinal data: PAR%=(It −In)/It, where It is person-years mortality rate in the entire cohort and In is person-years mortality
rate in those without AD.
Second, to allow adjustment for covariates of interest, we
calculated PAR% using the formula typically used for crosssectional data: PAR%=p(r−1)/[pr⫹(1−p)], where p is the mean
prevalence of AD in our cohort averaged over waves 2 to 6 as
the cohort aged and r is the relative risk (hazard ratio [HR]) of
mortality associated with AD, derived from the Cox proportional hazards models based on waves 2 to 6 (described later).
Mortality predictors were examined using Cox proportional hazards models. Proportionality assumptions were examined by including an interaction term for each covariate with
time since wave 2. The first model examined AD alone, as a
time-dependent variable, as a predictor of mortality. Fixed covariates included in subsequent models were age at wave 2, sex,
education (ⱖhigh school vs ⬍high school), Mini-Mental State
Examination score, 2 levels of IADL (disabilities in 1-3 tasks
vs 0 and disabilities in ⱖ4 tasks vs 0), depressive symptoms
(modified Center for Epidemiological Studies Depression Scale
score, ⱖ5 vs ⱕ4), number of prescription medications, and selection status (random vs volunteer). Interaction terms for AD
with each covariate were added to the main effect model one
at a time. No interactions were significant in the final model.
Rather than applying statistical corrections for potential length
bias (ie, skewing toward longer-duration cases by including both
prevalent and incident cases),17,18 we repeated the analyses, limiting them to incident cases only. The model was then fit separately in men and women rather than merely including a
sex⫻AD interaction term.
RESULTS

MORTALITY RATES
The wave 1 cohort (N=1670) had a mean(SD) age of 73.4
(5.9) years; 57.8% were women. During the course of
17 209.1 person-years of follow-up until December 31,
2002, the cohort experienced 951 deaths, of which participants with AD accounted for 27.5%. Of those with and
without AD, 75.3% and 52.1% died, respectively. Agespecific mortality rates, per 1000 person-years, in men
and women with and without AD, are shown in Table 1.
AGE AT ONSET AND DURATION
OF SURVIVAL WITH AD

The vital status of our cohort was ascertained completely.16 Death
certificates became available 10 to 12 months after the calendar year of death; before our study ended, they were obtained
for 845 of the 852 subjects who died by December 31, 2000.
Rather than arbitrarily select a single principal cause for each
subject, we examined the frequencies of all conditions listed
as immediate, underlying, and contributory causes of death. We
separately listed individual causes/conditions of high frequency and/or specific interest, grouped the rest under organ
system, and compared subjects with AD with those without dementia, adjusting for age and sex.

Based on 330 incident cases with estimated onset dates,
the mean (SD) age at onset of AD symptoms was 80.2
(6.0) years overall, 80.3(5.8) years in women, and 80.1
(6.3) years in men. The mean (SD) duration of survival
from onset until death was 5.9(3.7) years overall; the duration was longer in those who, at disease onset, were
younger and, therefore, had a greater remaining life expectancy (Table 2).

STATISTICAL ANALYSES

The risk analyses included 273 cases of prevalent or incident probable or possible AD. At wave 2, in the cohort
of 1295 subjects who were a mean(SD) age of 74.8(5.4)
years, covariates were distributed as follows. The mean
(SD) Mini-Mental State Examination score was 27.0

Mortality rates per 1000 person-years were calculated based on
the cohort at wave 1. Proportion of population-attributable risk
(PAR%) of death from AD was calculated in 2 ways. First, based
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RISK OF MORTALITY ASSOCIATED WITH AD
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Table 1. Mortality Rates per 1000 Person-years Among Participants With and Without AD, by Sex and Age at Death*
Men

Women

All

Age at Death, y

AD Present
(n = 140)

AD Absent
(n = 565)

AD Present
(n = 208)

AD Absent
(n = 757)

AD Present
(N = 348)

AD Absent
(N = 1322)

65-74 (n = 135)
75-84 (n = 474)
ⱖ85 (n = 342)
Total (N = 951)

38.2 (10.5-139.3)
102.8 (76.8-137.5)
220.4 (172.9-280.9)
142.7 (118.6-171.6)

36.8 (29.5-45.9)
61.0 (53.0-70.3)
129.7 (103.2-163.1)
58.9 (53.0-65.4)

39.5 (13.4-116.1)
98.1 (76.6-125.8)
182.5 (147.6-225.7)
127.8 (108.9-150.0)

17.6 (13.4-23.0)
33.6 (29.0-39.0)
93.6 (78.2-112.0)
36.7 (33.0-40.8)

39.0 (16.6-91.2)
100.0 (82.8-120.9)
197.2 (168.1-231.4)
133.8 (118.5-151.0)

25.6 (21.5-30.4)
44.0 (39.8-48.8)
104.7 (90.9-120.6)
45.2 (41.9-48.7)

Abbreviation: AD, Alzheimer disease.
*Data are given as mortality rate (95% confidence interval).

Table 2. Duration of Survival in Incident Cases of AD From Symptom Onset Until Death or Censoring, by Sex and Age at Onset*
All Cases of AD (Survival Until Death
or End of Follow-up)†

All Deceased Cases of AD (Survival Until Death)
Age at Onset
of AD, y

Men
(n = 100)

Women
(n = 145)

All
(N = 245)

Men
(n = 127)

Women
(n = 203)

All
(N = 330)

⬍75
75-84
ⱖ85
Total

7.38 (4.01)
6.07 (3.10)
4.05 (1.90)
5.83 (3.21)

8.77 (4.91)
5.57 (3.46)
3.60 (1.95)
5.95 (3.99)

8.29 (4.62)
5.77 (3.32)
3.82 (1.92)
5.90 (3.68)

8.56 (4.07)
6.42 (3.21)
4.31 (2.20)
6.39 (3.47)

9.16 (4.81)
5.96 (3.36)
4.42 (2.66)
6.26 (3.85)

8.92 (4.50)
6.13 (3.30)
4.38 (2.46)
6.31 (3.70)

Abbreviation: AD, Alzheimer disease.
*Data are given as mean (SD) survival (in years).
†Including those still alive at the end of follow-up (censored cases).

(2.3); 23.6% of subjects had IADL disability scores of 1
to 3 (ie, they were unable to perform 1-3 IADL independently), while 4.8% had IADL disability scores of 4 or
more. Participants took a mean (SD) of 2.02 (2.08) prescription medications (range, 0-11). Five or more depressive symptoms (modified Center for Epidemiological Studies Depression Scale score, ⱖ5) were reported
by 10.3% of participants.
In an unadjusted Cox proportional hazards model with
AD examined alone, its HR for mortality was 2.6 (95%
confidence interval [CI], 2.2-3.1). Adjusting only for age
and sex, the HR for AD was reduced to 1.7 (95% CI, 1.42.0). When all covariates were included, the HR for AD
was 1.4 (95% CI, 1.2-1.8) (ie, persons with AD had a 40%
higher mortality risk than those without AD, after adjusting for the effects of the other predictors in the model).
The covariates significantly associated with mortality included older age (per year: HR, 1.07; 95% CI, 1.061.09), male sex (HR, 1.6; 95% CI, 1.4-1.9), 1 to 3 IADL
(HR, 1.4; 95% CI, 1.2-1.8), 4 to 5 IADL (HR, 2.3; 95%
CI, 1.6-3.2), modified Center for Epidemiological Studies Depression Scale score of 5 or more (HR, 1.4; 95%
CI, 1.1-1.8), and prescription medications (per drug: HR,
1.2; 95% CI, 1.1-1.2). Volunteer (vs random) selection
status at study enrollment was negatively associated with
mortality (HR, 0.7; 95% CI, 0.5-0.9).
To check for potential length bias, we fit the model previously described again, excluding 77 prevalent cases (ie,
with onset before wave 2). The HRs were virtually unchanged in the new model restricted to incident cases: the
HR for AD alone was 2.2 (95% CI, 1.8-2.7); it was 1.5 (95%
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CI, 1.2-1.9) with adjustment for age and sex and 1.4 (95%
CI, 1.1-1.8) with adjustment for all remaining covariates.
MORTALITY PREDICTORS IN MEN AND WOMEN
The model with all covariates previously described was fit
separately in men and women. Among the 791 women, 169
had AD and 318 died. In women, in addition to age, IADL
impairment, depressive symptoms, and prescription medications, AD significantly predicted mortality (HR, 1.7; 95%
CI, 1.3-2.2). Among the 504 men, 104 had AD and 271
died; significant covariates were age, IADL impairment, and
prescription medications. The HR for AD in men was 1.2
(95% CI, 0.9-1.7), which was not statistically significant.
All models satisfied proportionality assumptions.
POPULATION-ATTRIBUTABLE RISK
By using the mortality rate–based formula and the data in
Table 1, the PAR% was 18.3%. This figure was close to the
PAR% of 17.1% derived from the model-based formula using the average AD prevalence of 12.9% across waves 2 to
6, and based on the HR for AD alone. The PAR% decreased to 8.3% when based on the HR adjusting for age
and sex, and to 4.9% when based on the HR also adjusting for IADL, depression, and prescription drugs.
CAUSES OF DEATH
Death certificates were obtained for 782 of 789 participants with AD or no dementia, and 63 with other deWWW.ARCHNEUROL.COM
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Table 3. Causes of Death in Those With AD vs Those Without Dementia
Conditions Listed on Death
Certificates as Immediate,
Underlying, or Contributory
Causes of Death
Individual conditions
Dementia/AD/senility
Stroke syndrome
Septicemia or sepsis
Dehydration
Pneumonia 㛳
Decubitus ulcers
Cardiac arrest¶
Categories
Other brain disorder
Respiratory
Cardiovascular
Gastrointestinal
Genitourinary
Cancer
Unknown “natural causes”
Other/miscellaneous

Those With AD
(n = 236)*

Those Without
Dementia
(n = 546)*

Unadjusted
Association†

Association Adjusted
for Age and Sex‡

All Deaths Before December 31, 2000
(Those With AD, Other Dementia,
and No Dementia)
(n = 845)*

29 (12.3)
22 (9.3)
12 (5.1)
7 (3.0)
29 (12.3)
2 (0.8)
39 (16.5)

2 (0.4)
57 (10.4)
27 (5.0)
0
35 (6.4)
0
87 (15.9)

⬍.001
.63
.93
.001§
.006
.09§
.84

⬍.001
.40
.72
NA
.04
NA
.44

32 (3.9)
87 (10.5)
41 (5.0)
9 (1.1)
66 (8.0)
3 (0.4)
140 (16.9)

13 (5.5)
53 (22.5)
112 (47.5)
11 (4.7)
13 (5.5)
29 (12.3)
5 (2.1)
24 (10.2)

9 (1.7)
92 (16.9)
275 (50.4)
28 (5.1)
37 (6.8)
143 (26.2)
10 (1.8)
58 (10.6)

.003
.06
.73
.78
.51
⬍.001
.79
.85

.01
.16
.36
.99
.34
.005
.81
.49

25 (3.0)
156 (18.8)
431 (52.1)
43 (5.2)
55 (6.6)
181 (21.9)
16 (1.9)
93 (11.2)

P Value

Abbreviations: AD, Alzheimer disease; NA, data not applicable (regression model cannot be fit because no individuals without dementia had this condition reported).
*Data are given as number (percentage) of each group.
†Data were obtained by the 2 test unless otherwise specified.
‡Data were obtained by multiple logistic regression.
§Data were obtained by the Fisher exact test.
㛳Included within the respiratory category as well.
¶Cardiac arrest and cardiopulmonary arrest were not included in any other category.

mentias, who died between study enrollment (wave 1)
and December 31, 2000. Proportions of immediate, underlying, and contributory causes of death were examined, allowing multiple conditions per subject
(Table 3).16 Adjusting for age and sex, AD/dementia/
senility, other brain disorders, and pneumonia were listed
significantly more often in those with AD than in those
without dementia. Dehydration and decubitus ulcers were
listed only among those with AD. Cancer was listed significantly less often in those with AD than in those without dementia.
COMMENT

Studies of mortality and AD are difficult to compare directly because some are based on volunteers or patients
referred to research clinics19,20 and others on patients in
nursing homes,21 outpatients in various settings,22 volunteer panels,21 or, like ours, on cases identified within
community samples.17,18,23-30 The length of follow-up has
ranged from 225 to 14 years.30 Some have included only
prevalent,18,26 only incident,3,23 or both prevalent and incident cases (as in our study); some have included earlyonset cases.22 Some samples have been limited to subjects 77 years and older,29 85 years and older,28 or 65 to
84 years.24 While the end point, death, is incontrovertible, duration has been measured starting from the study
baseline20 or diagnosis,30 the date that health services were
sought,17 or, as herein, from a reported or estimated date
of symptomatic onset.6 Some report age-specific mortality rates,26 others standardized mortality ratios,31 and attributable deaths have been calculated using a life table
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approach32 rather than the model-based approach used
herein. Different covariates (demographics, genotype, comorbidity, and institutionalization) were adjusted for in
different studies, and different instruments have been used
to measure the same variables.
In our cohort, in 15 years, 27.5% of deaths occurred
in individuals with AD. However, attribution of deaths
to AD depends in part on how common AD is in the given
sample, the relative risk of mortality associated with AD,
and additional demographic and clinical characteristics
of individuals that independently increase risk of death.
The HR for mortality associated with AD was 2.6 when
examined alone, and 1.4 after adjusting for relevant covariates. That is, overall, the presence of AD increased
the risk of mortality approximately 40%. Based on these
figures, the mortality risk attributable to AD is 4.9%.
The mean(SD) survival was 5.9(3.7) years from the
onset of symptoms until death, but depended on age at
onset. It ranged from 8.3(4.6) years in those with onset
before the age of 75 years to 3.8(1.9) years in those with
onset after the age of 85 years. These figures are slightly
higher than those reported for median survival after initial diagnosis of AD in a health maintenance organization–
based registry during approximately the same period30
and in a volunteer panel.3 Three-year mean survival was
reported from an older (ⱖ77 years) Swedish communitybased cohort in which onset of AD might have occurred
up to 3 years before diagnosis.29 Three-year survival was
also reported from a large Canadian study designating
onset primarily based on seeking medical attention for a
memory problem.17 The duration of survival with illness may be longer in our study than in others because
WWW.ARCHNEUROL.COM
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of our 15-year follow-up and because we measured survival from the estimated onset of symptoms rather than
from the time of diagnosis. Over varying follow-up periods, most previous studies have shown shorter survival times in men than in women with AD, whether these
studies were based on nursing home patients,21 research
center participants,19 or community samples,2,17,23-26,29,30
but did not examine increased mortality risk separately
in men and women. In our cohort, AD increased the relative risk of mortality only in women because men in general already have an elevated mortality risk and a reduced life expectancy.2
Among those in whom we obtained death certificates, 3.8% had AD/dementia/senility listed as cause of
death, although only 12.3% of those with AD had such a
condition reported. Based solely on certification, cardiovascular conditions, cancer, acute and chronic respiratory conditions, and stroke ranked higher than AD/
dementia in order of frequency as cause of death in our
cohort, similar to the national rank order.33 However, rates
of mortality from or with dementia calculated from death
certificates are an order of magnitude smaller than rates
derived from other sources.34 Potential reasons for the
underreporting of AD or dementia on death certificates16,35,36 might include underdetection of AD, particularly in the presence of overwhelming comorbidity, but
perhaps also the certifying physician’s view that AD, while
present, did not cause death.16 Our finding that dementia/AD and pneumonia were overrepresented on the death
certificates of persons with AD goes beyond previous studies31,36,37 in that our study was community based and included a comparison group without dementia. Our unexpected finding that cancer-related deaths were
significantly underrepresented in those with AD might
reflect competing risks or underdetection of cancer among
the cognitively impaired.
Potential limitations include the few ethnic minorities in our cohort, reflective of the elderly population of
the study area. With assessments performed biennially,
it is possible that we missed cases of AD with exceptionally short durations. The inclusion of both prevalent and
incident cases in most of our analyses could potentially
skew our results toward cases with longer survival; however, HRs were virtually unchanged in analyses excluding prevalent cases.
Families of patients newly diagnosed as having AD often ask their physicians how long people commonly live
with this condition, what factors predict longer or shorter
survival, and what these patients usually die of. A balanced response might be based not only on the physician’s clinical experience but also on data from representative community samples. Our data should also be
relevant to health care planning and policy making for
the growing number of individuals with AD.
Accepted for Publication: August 9, 2004.
Correspondence: Mary Ganguli, MD, MPH, Western Psychiatric Institute and Clinic, 3811 O’Hara St, Pittsburgh, PA 15213-2593 (gangulim@upmc.edu).
Author Contributions: Study concept and design: Ganguli. Acquisition of data: Ganguli and Pandav. Analysis and
interpretation of data: Ganguli, Dodge, Shen, Pandav, and
(REPRINTED) ARCH NEUROL / VOL 62, MAY 2005
783

DeKosky. Drafting of the manuscript: Ganguli. Critical revision of the manuscript for important intellectual content:
Ganguli, Dodge, Shen, and DeKosky. Statistical analysis: Dodge and Shen. Obtained funding: Ganguli. Administrative, technical, and material support: Ganguli. Study
supervision: Ganguli.
Funding/Support: This study was supported in part by
grants R01 AG07562, P50 AG05133, K24 AG022035, and
K01 AG023014 from the National Institute on Aging, National Institutes of Health, US Department of Health and
Human Services, Bethesda, Md.
Acknowledgment: We thank all Monongahela Valley Independent Elders Survey staff (1987-2002) for their contributions to study coordination, subject recruitment, data
collection, and data management; and all Monongahela
Valley Independent Elders Survey participants for their
support and cooperation.
REFERENCES
1. Katzman R, Karasu TB. Differential diagnosis of dementia. In: Fields W, ed. Neurological and Sensory Disorders of the Elderly. New York, NY: Stratton Intercontinental Medical Book Corporation; 1975:103-134.
2. Dodge HH, Shen C, Pandav R, DeKosky ST, Ganguli M. Functional transitions
and active life expectancy associated with Alzheimer’s disease. Arch Neurol. 2003;
60:253-259.
3. Brookmeyer R, Corrada MM, Curriero FC, Kawas C. Survival following a diagnosis of Alzheimer disease. Arch Neurol. 2002;59:1764-1767.
4. Ganguli M, Dodge HH, Mulsant BH. Rates and predictors of mortality in an aging, rural, community-based cohort: the role of depression. Arch Gen Psychiatry.
2002;59:1046-1052.
5. US Department of Health and Human Services. Life Tables: Vital Statistics of the
United States. Hyattsville, Md: National Center for Health Statistics; 1990:7, Table
6-1.
6. Ganguli M, Dodge HH, Chen P, Belle S, DeKosky ST. Ten-year incidence of dementia in a rural elderly US community population: the MoVIES project. Neurology.
2000;54:1109-1116.
7. Ganguli M, Lytle ME, Reynolds MD, Dodge HH. Random versus volunteer selection for a community-based study. J Gerontol A Biol Sci Med Sci. 1998;
53:M39-M46.
8. Folstein MF, Folstein SE, McHugh PR. “Mini-Mental State”: a practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res. 1975;
12:189-198.
9. Ganguli M, Gilby J, Seaberg E, Belle S. Depressive symptoms and associated
factors in a rural elderly population: the MoVIES project. Am J Geriatr Psychiatry.
1995;3:144-160.
10. Fillenbaum GG. Screening the elderly: a brief instrumental activities of daily living measure. J Am Geriatr Soc. 1985;33:698-706.
11. Mulsant BH, Ganguli M, Seaberg EC. The relationship between self-rated health
and depressive symptoms in an epidemiological sample of community-dwelling
older adults. J Am Geriatr Soc. 1997;45:954-958.
12. Morris JC, Heyman A, Mohs RC, et al. The Consortium to Establish a Registry
for Alzheimer’s Disease (CERAD), part I: clinical and neuropsychological assessment of Alzheimer’s disease. Neurology. 1989;39:1159-1165.
13. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Revised Third Edition. Washington, DC: American Psychiatric Association; 1987.
14. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical
diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA work group under the auspices of Department of Health and Human Service Task Force on Alzheimer’s disease. Neurology. 1984;34:939-944.
15. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new clinical scale for
the staging of dementia. Br J Psychiatry. 1982;140:566-572.
16. Ganguli M, Rodriguez E. Reporting of dementia on death certificates: a community study. J Am Geriatr Soc. 1999;47:842-849.
17. Wolfson C, Wolfson DB, Asgharian M, et al. A re-evaluation of the duration of
survival after the onset of dementia. N Engl J Med. 2001;344:1111-1116.
18. Tschanz JT, Corcoran C, Skoog I, et al. Dementia: the leading predictor of death
in a defined elderly population: the Cache County Study. Neurology. 2004;62:
1156-1162.

WWW.ARCHNEUROL.COM

©2005 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 10/23/2019

19. Moritz DJ, Fox PJ, Luscombe FA, Kraemer HC. Neurological and psychiatric predictors of mortality in patients with Alzheimer disease in California. Arch Neurol.
1997;54:878-885.
20. Stern Y, Tang MX, Denaro J, Mayeux R. Increased risk of mortality in Alzheimer’s disease patients with more advanced educational and occupational
attainment. Ann Neurol. 1995;37:590-595.
21. Gambassi G, Francesco L, Lapane K, Sgadari A, Mor V, Bernabei R. Predictors
of mortality in patients with Alzheimer’s disease living in nursing homes. J Neurol Neurosurg Psychiatry. 1999;67:59-65.
22. Barclay LL, Zemcov A, Blas JP, McDowell FH. Factors associated with duration
of survival in Alzheimer’s disease. Biol Psychiatry. 1985;20:86-93.
23. Helmer C, Joly P, Letenneur L, Commenges D, Dartigues JF. Mortality with dementia: results from a French prospective community-based cohort. Am J
Epidemiol. 2001;154:642-648.
24. Geerlings MI, Deeg DJ, Penninx BW, et al. Cognitive reserve and mortality in dementia: the role of cognition, functional ability and depression. Psychol Med. 1999;
29:1219-1226.
25. Baldereschi M, DiCarlo A, Maggi S, et al; ILSA Working Group. Dementia is a
major predictor of death among the Italian elderly. Neurology. 1999;52:709713.
26. Ostbye T, Hill G, Steenhuis R. Mortality in elderly Canadians with and without
dementia: a 5-year followup. Neurology. 1999;53:521-526.
27. Evans DA, Smith LA, Scherr PA, Albert MS, Funkenstein HH, Hebert LE. Risk of
death from Alzheimer’s disease in a community population of older persons. Am
J Epidemiol. 1991;134:403-412.

(REPRINTED) ARCH NEUROL / VOL 62, MAY 2005
784

28. Skoog I, Hesse C, Aevarsson O, et al. A population study of apoE genotype at the
age of 85: relation to dementia, cerebrovascular disease, and mortality. J Neurol
Neurosurg Psychiatry. 1998;64:37-43.
29. Aguero-Torres H, Fratiglioni L, Guo Z, Viitanen M, Winblad B. Mortality from dementia in advanced age: a 5-year follow-up study of incident dementia cases.
J Clin Epidemiol. 1999;52:737-743.
30. Larson EB, Shadlen MF, Wang L, et al. Survival after initial diagnosis of Alzheimer disease. Ann Intern Med. 2004;140:501-509.
31. Burns A, Lewis G, Jacoby R, Levy R. Factors affecting survival in Alzheimer’s
disease. Psychol Med. 1991;21:363-370.
32. Ewbank DC. Deaths attributable to Alzheimer’s disease in the United States. Am
J Public Health. 1999;89:90-92.
33. Anderson RN, Smith BL. Deaths: leading causes for 2001. Natl Vital Stat Rep.
2003;52:1-85.
34. Lanska DJ. Dementia mortality in the United States: results of the 1986 National
Mortality Followback Survey. Neurology. 1998;50:362-367.
35. Olichney JM, Hofstetter CR, Galasko D, Thal LJ, Katzman R. Death certificate reporting of dementia and mortality in an Alzheimer’s Disease Research Center cohort.
J Am Geriatr Soc. 1995;43:890-893.
36. Kukull WA, Brenner DE, Speck CE, et al. Causes of death associated with Alzheimer’s disease: variation by level of cognitive impairment before death. J Am
Geriatr Soc. 1994;42:723-726.
37. Molsa PK, Marttila RJ, Rinne UK. Survival and cause of death in Alzheimer’s disease and multi-infarct dementia. Acta Neurol Scand. 1986;74:103-107.

WWW.ARCHNEUROL.COM

©2005 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 10/23/2019

