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Abstract—Objective: To investigate the relation between rate of decline in cognitive and functional/physical abilities and
risk of death in nondemented elderly. Methods: Data were included from individuals participating in a prospective study
of aging and dementia in Medicare recipients, 65 years and older, residing in northern Manhattan. The authors included
878 members of the cohort who had measures of memory, cognitive, language, or functional scores over three study
intervals, excluding all participants who were demented or had more than one problem in activity of daily living (ADL)
skills at baseline. Participants were classified as showing no decline, slow, medium, or rapid rate of decline, based on the
slope of change in cognitive and functional/physical factors. The authors used survival methods to examine the relation of
rate of decline in cognitive and functional performance to subsequent mortality in younger and older nondemented elderly
and across three ethnic groups, adjusting for potential confounders. Results: Nondemented elderly with preserved ADL
skills who showed rapid rates of decline on measures of visuospatial reasoning/cognitive, language, ADL, and instrumen-
tal ADL functions were approximately twice as likely to die as nondemented elderly who showed no decline or slower rates
of decline, while rate of decline in memory or in measures of extremity mobility was not related to risk of death. The
association of the rate of decline to risk of death was stronger in relatively young (�75 years) than in older participants.
Conclusions: Rate of decline in cognitive and functional skills predicts mortality in nondemented elderly.
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The phenotypes that characterize successful aging
are not fully established. Findings from elderly co-
horts and from centenarian studies suggest that
preservation of functional and cognitive ability is an
important factor. In a retrospective study of New
England centenarians, 100 to 109 years of age, 89%
were still living independently at 93 years, 73% at 97
years, and 35% at 102 years.1 Functional and cogni-
tive impairment is a robust predictor of mortality in
diverse populations. Increased risk of mortality has
been found using self-reported measures of depen-
dence in instrumental activities of daily living
(IADL) and activities of daily living (ADL) or with
reduced performance on measures of physical func-
tion such as lower extremity mobility measures of
walking speed, time to complete chair stands, and
low peak expiratory flow.2-10 Cognitive impairment
has been shown to be associated with mortality in
both nondemented and demented elderly. In
population-based cohorts of the elderly, those with
mild as well as severe cognitive impairment have
been found to have an increased risk of death.3,11-20

Adjustment for a variety of health conditions, life-
style factors, and sociodemographic characteristics
did not decrease the mortality risk associated with
poor cognitive function.3,11-17,19-21 These findings sug-
gest that decline in cognitive function with age is a
predictor, not simply a surrogate, of rate of aging and
mortality risk. Age-related decline in executive func-
tion has been associated with decline in functional sta-
tus, reflecting the impairment in cognitive processes
required to plan and execute goal directed IADL and
ADL such as shopping, cooking, and dressing.22-24

The majority of published studies on cognition and
mortality have used a global assessment of cognitive
status, such as the Mini-Mental State Examination,
as the measure of cognitive function, whereas only a
few have used tests based on learning and memory,
information processing, or fluid intelligence.3,12,13,25 A
number of studies of cognitive function and mortality
have focused on age-related mortality risk associated
with dementia rather than normal aging.11,26-30 Thus,
determination of the cognitive phenotypes associated
with mortality risk requires fuller investigation with
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neuropsychological tests specifically targeted to pro-
cesses affected by normal aging. In this study, we
examined the relation of the rate of decline in cogni-
tive and functional/physical performance to subse-
quent mortality in younger and older nondemented
elderly across three ethnic groups. We focused our
analysis on a group of participants who were not
demented and had no more than one problem in ADL
skills at baseline. Our results indicate that rates of
declines in cognitive and functional ability are pre-
dictors of mortality and that the association of the
rate of decline with mortality is stronger among
younger elderly.

Methods. Subjects and setting. Data were included from indi-
viduals participating in a prospective study of aging and dementia
in 2,126 Medicare recipients, 65 years and older, residing in
northern Manhattan. The cohort was recruited in 1992 and has
been followed at 18-month intervals since then. Data included in
this analysis was gathered by 2002. A stratified random sample of
50% of all persons older than 65 years was obtained from the
Health Care Finance Administration (HCFA).31 All randomly se-
lected persons received a letter from HCFA explaining that they
had been selected to participate in a study of aging by investiga-
tors at Columbia University. The participation rate was 73% and
did not differ by ethnic group. Each person received the same
medical, neurologic, and neuropsychological evaluations at regu-
lar 18-month intervals. At the baseline examination, 327 partici-
pants (15%) were found to be demented, leaving 1,799
participants for the prospective study of incident Alzheimer dis-
ease (AD). Over the study period, the annual mortality rate has
been 8.1%, the overall refusal rate has been 10%, and the annual
incidence rate of AD has been 3%. To address the study aims,
there were 961 of the 1,799 participants in the cohort at first
follow-up (53.4%) who had measures of memory, cognitive, lan-
guage, or physical function scores over three study intervals from
which the slope of scores could be computed to characterize rate of
change. For these analyses, we also excluded 81 participants with
more than one problem in ADL skills, such as bathing or dressing,
at baseline, leaving 880 participants to be included in the analy-
sis. Of these 880, 878 had complete data. The average number of
evaluations for the participants included in the analysis was 4.0
(range 3 to 5) and the average duration of follow-up was 6.5 years.
Compared with those with one or two evaluations, participants in-
cluded in the analysis were younger at baseline (75.9 vs 78.9 years),
performed significantly better on cognitive tests, and had better func-
tional skills but did not differ by ethnic group, level of education, sex,
or in the frequency of self-reported medical conditions.

Ethnic group was determined by self-report. Participants were
asked whether they considered themselves white, black, or other
and then asked whether they were Hispanic. If Hispanic, the
country in which they were born was queried. Most of those clas-
sified as Hispanic (84%) were of Caribbean origin, predominantly
from the Dominican Republic, with the remainder from Mexico
and Central America. Four participants had identified themselves
as of “other” ethnic group, and they were excluded from the anal-
ysis. Recruitment, informed consent, and study procedures were
approved by the Institutional Review Boards of Columbia Presby-
terian Medical Center and Columbia University Health Sciences
and the New York State Psychiatric Institute.

Clinical evaluation. All participants received structured neu-
rologic and functional assessments by physicians. Spanish speak-
ers were interviewed and tested in Spanish. Medical history was
recorded with specific attention to stroke, trauma, medications,
recreational drug use, and common age-related conditions such as
heart disease, stroke, diabetes, thyroid disorders, or cancer; his-
tory of smoking and alcohol use (never, ever, current); and hearing
and visual impairment. All participants underwent a standard-
ized neuropsychological battery32 that included orientation from
the modified Mini-Mental State Examination,33 language using
the Boston Naming Test,34 the Controlled Word Association test,35

category naming, the Complex Ideational Material Subtest and
the repetition of phrases from the Boston Diagnostic Aphasia
Evaluation,36 abstract reasoning from the Wechsler Adult Intelli-

gence Scale-Revised (WAIS-R) Similarities subtest,37 and the non-
verbal Identities and Oddities subtest of the Mattis Dementia
Rating Scale,38 visuospatial ability using the Rosen Drawing
Test,39 and the Benton Visual Retention Test and a matching
version of the Benton Visual Retention Test.40 Memory was evalu-
ated using the multiple-choice version of the Benton Visual Reten-
tion test and the seven subtests of the Selective Reminding Test.41

Information from the neurologic, psychiatric, and neuropsycholog-
ical assessments was reviewed in a consensus conference com-
posed of neurologists, psychiatrists, and neuropsychologists.
Based on this review, all participants were assigned to one of
three categories: dementia, cognitive impairment, or normal cog-
nitive function. For functional/physical domains, we used self-
reported ability to perform basic and IADL, assessed at the time
of interview and at time of the medical and neurologic examina-
tion by the physician. The field interview contained several func-
tional assessment scales, including a modification of the Katz
Index of Activities of Daily Living,42 Lawton Instrumental Activi-
ties of Daily Living,43 and Comprehensive Assessment and Refer-
ral Evaluation (CARE) Activity Limitation, Mobility, and Self-
Perceived Health scales.44 The physician administered the Blessed
Dementia Rating Scale45 and the Schwab and England Rating
Scale.46

Classification of rate of change. A factor analysis was per-
formed using data from the baseline assessment of the entire
cohort with the 15 neuropsychological measures using a principal
component analysis with varimax rotation and Kaiser normaliza-
tion.47 This analysis yielded three factors: 1) a memory factor, in
which the seven subtests of the Selective Reminding Test were the
main contributors;41 2) a visuospatial reasoning/cognitive factor
(cognitive factor), in which visuospatial tests of reasoning were
the main contributors (these included the Rosen Drawing Test,39

matching and recognition components of the Benton Visual Reten-
tion Test,40 and the Identities and Oddities of the Mattis Dementia
Rating Scale;38 3) a language factor in which language measures
were the main contributors (the Boston Naming Test,34 the Con-
trolled Oral Word Association test,35 and the WAIS-R Similarities
subtest37). Component scores for each subject at each visit were
calculated by adding the loading weighted scores of the measures
that contributed to each factor. We used the factor weights of the
baseline factor scores and normalizing equations to calculate fac-
tor scores for the follow-up assessments. We used these weighted
scores to calculate the slope of the memory, visuospatial reason-
ing/cognitive and language factor scores over three study inter-
vals. Participants were classified as showing no decline if the
slope of the factor scores were equal or greater than zero. Then we
used tertiles of the slopes showing declines for each factor to
classify the participants as showing slow, medium, or rapid rate of
decline.

For functional/physical domains, we used self-reported ability
to perform basic ADL and IADL, assessed at the interview and at
time of the medical and neurologic examination by the physician.
Classification of rate of change in functional/physical domains
employed a similar procedure to that used for cognitive functions.
Functional scores were based on the ability to carry out basic ADL
and IADL. Physical factor measures included lower and upper
extremity mobility. Preliminary analyses showed no difference in
subsequent mortality risk by tertile of decline, and few partici-
pants showed decline in functional and physical factors after ex-
clusion of those with two or more problems in ADL. Hence,
participants were classified as showing no decline if the slopes of
the functional or physical scores showed no change or improved
and were classified as declining if the slopes showed decline.

Vital status. We obtained vital status from the follow-up in-
terviews and from the National Death Index for those reported to
be dead or who were lost to follow-up through 2002.

Statistical analysis. We investigated the associations be-
tween rate of change in cognitive and functional/physical ability in
the participants and their total years of survival. We used �2 tests,
t tests, and analysis of variance to compare the characteristics of
participants with no decline or with slow, medium, or rapid rates
of decline in cognitive factor scores and with no decline or decline
in functional/physical scores. We compared the risk of mortality
by risk categories using Cox proportional hazards modeling. We
estimated the rate ratio (RR) of participant death associated with
rate of change in cognitive or physical/function factors in the par-
ticipant; first in models that adjusted for age at baseline, sex,
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ethnic group, level of education, and baseline level of performance
(Model A). We used time from baseline until death for deceased
participants and time from baseline until last assessment for non-
deceased participants as the time-to-event variable in the survival
analysis. Baseline level of performance was included to account
for the possibility that different change groups may have started
at different levels at baseline. Then we estimated the rate ratio
(RR) of participant death associated with the rate of change in
cognitive or functional/physical factors in models with additional
adjustment for the presence or absence of self-reported history of
stroke, diabetes, heart disease, thyroid disorders, or cancer; his-
tory of smoking and alcohol use; hearing or visual impairment;
and baseline level of performance (Model B).

To account for a possible healthy survivor bias and to investi-
gate whether influences on survival were different at different
ages, we repeated the Cox models in analyses stratified by the
median participant age at entry into the study (�75 vs �75
years). If healthy survival influenced mortality, estimated RRs

might be differentially affected in younger compared with older
participants.

Results. Participant characteristics. The mean age of
the cohort was 75.9 years and the median age was 75.0
years. Overall, there were approximately twice as many
women as men participating (70% vs 30%) and the differ-
ence in sex ratio was observed consistently across rate of
change phenotypes. The largest number of participants
identified themselves as Hispanic (51%), followed by Afri-
can American (30.8%) and white (18.2%) Tables 1 and 2
show the distribution of demographic characteristics of the
study participants within rate of change phenotypes. Par-
ticipants were more likely to show declines in memory
than in the visuospatial reasoning/cognitive or language

Table 1 Participant demographic characteristics by cognitive factors

Participant characteristics No decline Slow decline Medium decline Rapid decline

Memory factor

Sample size 240 212 212 213

Age at entry, y, mean � SD* 75.4 � 5.8 75.2 � 5.3 75.2 � 5.4 77.0 � 5.7

Sex, n (%)

Female 174 (72.5) 147 (69.3) 142 (67.0) 148 (69.5)

Male 66 (27.5) 65 (30.7) 70 (33.0) 65 (30.5)

Ethnic group,* n (%)

White/non-Hispanic 52 (21.7) 35 (16.5) 26 (12.3) 47 (22.1)

African American 63 (26.3) 64 (30.2) 66 (31.1) 78 (36.6)

Hispanic 125 (52.1) 113 (53.3) 120 (56.6) 88 (41.3)

Education, mean � SD* 8.6 � 4.9 7.8 � 4.7 8.3 � 4.3 9.2 � 4.6

Cognitive factor

Sample size 457 140 141 140

Age at entry, y, mean � SD* 74.9 � 5.2 76.0 � 5.7 75.6 � 5.8 78. � 6.6

Sex, n (%)

Female 306 (67.0) 100 (71.4) 105 (74.5) 101 (72.1)

Male 151 (33.0) 40 (28.6) 36 (25.5) 39 (27.9)

Ethnic group, n (%)

White/non-Hispanic 96 (21.0) 15 (10.7) 23 (16.3) 26 (18.6)

African American 133 (29.1) 47 (33.6) 40 (28.4) 51 (36.4)

Hispanic 228 (49.9) 78 (55.7) 78 (55.3) 63 (45.0)

Education, mean � SD* 8.8 � 4.7 8.0 � 4.8 7.3 � 4.8 8.9 � 4.4

Language factor

Sample size 474 135 134 135

Age at entry, y, mean � SD* 75.0 � 5.3 75.2 � 5.2 77.6 � 6.2 77.6 � 6.7

Sex, n (%)

Female 319 (67.3) 96 (71.1) 96 (71.6) 101 (74.8)

Male 155 (32.7) 39 (28.9) 38 (28.4) 34 (25.2)

Ethnic group, n (%)

White/non-Hispanic 99 (20.9) 17 (12.6) 18 (13.4) 26 (19.3)

African American 139 (29.3) 40 (29.6) 42 (31.3) 50 (37.0)

Hispanic 236 (49.8) 78 (57.8) 74 (55.3) 59 (43.7)

Education, mean � SD* 8.8 � 4.7 8.0 � 4.9 7.5 � 4.8 8.6 � 4.2

* p � 0.05.
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measures (see table 1). Participants were also more likely
to show declines in upper and lower extremity mobility
and in IADL than in basic ADL (see table 2). Participants
with rapid decline in cognitive factors were older than
those who did not decline (see table 1). Participants with
rapid decline in the memory factor were more likely to be
white and African American than Hispanic. Participants
with rapid decline in the memory factor, but not in the
visuospatial reasoning/cognitive or language factors, were
significantly better educated compared with those showing
no or a slow rate of decline, whereas there was no differ-
ence in the distribution of sex across rate of change groups
(see table 1). Participants with decline in ADL, IADL, and
lower extremity mobility were older than those who did
not decline on those factors, whereas no difference in age
was observed among those with and without decline in
upper extremity mobility. Women were more likely than
men to show decline on all functional/physical factors (see
table 2). Level of education did not differ among those with
or without decline on functional/physical factors except for
IAD and lower extremity mobility. Whites were less likely
than African Americans or Hispanics to show decline in
IADL skills (see table 2).

Correlations between slopes of factor score. We com-
puted the correlation between the slopes of the factor
scores to determine whether there was a generalized de-
cline in all scores related to mortality or whether particu-
lar factors might have independent effects on mortality
(table 3). The slopes of the cognitive factors were highly
correlated with each other, but less so with the functional/
physical factors (see table 3). The highest correlation was
between the slope of the visuospatial/cognitive factor and
the slope of the language factor (r � 0.957, p � 0.001).
Similarly, the slopes of the functional/physical factors were
correlated with each other (see table 3). The highest corre-
lation in functional/physical factors was between the
slopes of the ADL and IADL factors. (r � 0.464, p � 0.01).

Mortality risks in participants. In the initial model
(Model A), adjusted for sex, education, ethnic group, and
baseline level of performance, mortality risk was approxi-
mately twice as high among participants showing rapid
decline in the visuospatial reasoning/cognitive factor
(RR � 2.2, 95% CI: 1.5 to 3.2) compared with participants
who did not decline and 2.6 times as high among those
showing rapid decline in language skills (RR � 2.6, 95%
CI: 1.8 to 3.6) (figure 1), while there was no consistent or
significant pattern of mortality in relation to the rate of
decline in memory (Model A, table 4). Decline in ADL,
IADL, or upper extremity mobility was associated with
increased mortality risk compared with those without de-
cline (RR for ADL � 2.2, 95% CI: 1.7 to 4.0; RR for IADL �
1.7, 95% CI: 1.3 to 2.3 and RR for upper extremity mobility �
1.4, 95% CI: 1.1 to 1.9) (see Model A, table 4) (figure 2).
Additional adjustment for a history of chronic disease
(heart disease, stroke, thyroid disease, cancer), smoking
and alcohol use, and hearing and visual impairment did
not substantially modify these associations for cognitive
factors (Model B: RR for the visuospatial reasoning/cogni-
tive factor � 2.0, 95% CI: 1.4 to 2.9; RR for the language
factor � 2.2, 95% CI: 1.6 to 3.3. Model B, table 4). The
association of decline in performance of ADL and IADL
skills with increased mortality persisted after additional
adjustment for potential confounders (RR for ADL � 2.0,

Table 2 Participant demographic characteristics by
physical/functional factors

Participant characteristics No decline Decline

Activities of daily living

Sample size 717 159

Age at entry, y, mean � SD* 75.2 � 5.5 77.8 � 6.2

Sex, n (%)*

Female 482 (67.2) 128 (80.5)

Male 235 (32.8) 31 (19.5)

Ethnic group, n (%)

White/non-Hispanic 135 (18.8) 23 (14.5)

African American 219 (30.5) 51 (32.1)

Hispanic 363 (50.6) 85 (53.5)

Education, mean � SD 8.6 � 4.7 7.7 � 4.8

Instrumental activities of daily living

Sample size 491 387

Age at entry, y, mean � SD* 74.5 � 5.2 76.8 � 6.2

Sex, n (%)*

Female 317 (64.6) 295 (76.2)

Male 174 (35.4) 92 (23.8)

Ethnic group,* n (%)

White/non-Hispanic 96 (19.6) 63 (16.3)

African American 163 (33.2) 108 (27.9)

Hispanic 232 (47.3) 216 (55.8)

Education, mean � SD* 9.1 � 4.6 7.6 � 4.6

Lower extremity mobility

Sample size 426 448

Age at entry, y, mean � SD* 74.8 � 5.2 76.5 � 6.1

Sex, n (%)*

Female 276 (64.8) 333 (74.3)

Male 150 (35.2) 115 (25.7)

Ethnic group, n (%)

White/non-Hispanic 77 (18.1) 80 (17.9)

African American 138 (32.4) 132 (29.5)

Hispanic 211 (49.5) 236 (52.7)

Education, mean � SD* 8.9 � 4.7 8.1 � 4.7

Upper extremity mobility

Sample size 538 338

Age at entry, y, mean � SD 75.6 � 5.7 75.8 � 5.8

Sex, n (%)*

Female 359 (66.7) 251 (74.3)

Male 179 (33.3) 87 (25.7)

Ethnic group, n (%)

White/non-Hispanic 91 (16.9) 76 (19.8)

African American 172 (32.8) 98 (29.0)

Hispanic 275 (51.1) 173 (51.1)

Education, mean � SD 8.4 � 4.6 8.5 � 4.8

* p � 0.05.
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95% CI: 1.4 to 2.7; RR for IADL � 1.6, 95% CI: 1.2 to 2.1),
while the association of decline in lower and upper extrem-
ity mortality with increased mortality failed to reach sta-
tistical significance (RR � 1.2, 95% CI: 0.9 to 1.7; and
RR � 1.2, 95% CI: �0.9 to 1.6, respectively) (see Model B,
table 4.)

To investigate whether rate of decline influenced sur-
vival differently at different ages, we repeated the Cox
models within strata defined by participants’ median age
at enrollment (�75 years or �75 years) adjusting for sex;
education; ethnic group baseline level of performance;
presence of a history of stroke, heart disease, diabetes,
thyroid disorders, or cancer; past or current smoking and
alcohol use; and hearing or visual impairment. The effect
of rapid cognitive decline compared with no decline was
stronger among younger participants. For the visuospatial
reasoning/cognitive factor, the RR for rapid decline was 3.2
(95% CI: 1.8 to 6.0) for those 65 to 75 years and 1.4 (95%
CI: 0.9 to 2.4) for those older than 75 years of age. For the
language factor, the RR for rapid decline was 3.3 (95% CI:
1.8 to 6.0) for those 65 to 75 years and 1.8 (95% CI: 1.1 to

2.9) for those older than 75 years of age. Similarly, in-
creased mortality among those showing decline in ADL
skills was stronger for those 65 to 75 years than for those
older than 75 years of age (RR � 3.5, 95% CI: 2.0 to 6.2 vs
RR � 1.6, 95% CI: 1.1 to 2.3, respectively), but did not
differ by age group for the other functional/physical factors
(not shown).

To determine whether the association of the rate of
decline in the cognitive and functional/physical factors
with mortality risk varied among ethnic groups, we re-
peated the analyses within strata defined by ethnic group,
adjusting for all covariates and baseline level of perfor-
mance. The relation of the rapid rate of decline in mea-
sures of visuospatial reasoning/cognition and language
functions to mortality was strongest among white partici-
pants (For visuospatial reasoning/cognition: RR for whites �
2.7, 95% CI: 1.2 to 6.0; RR for African Americans � 1.7,
95% CI: 0.9 to 3.2; RR for Hispanics � 1.9, 95% CI: 1.04 to
3.6. For language, RR for whites � 4.0, 95% CI: 1.8 to 9.1;
RR for African Americans � 1.8, 95% CI: 1.02 to 3.3; RR
for Hispanics � 2.1, 95% CI: 1.1 to 3.9) (not shown). The
relation of decline in ADL skills to mortality was also
stronger among white participants than among African-
American or Hispanic participants (RR for whites � 4.3,
95% CI: 1.9 to 9.8; RR for African Americans � 1.7, 95%
CI: 1.05 to 2.9; RR for Hispanics � 1.9, 95% CI: 1.2 to 3.2)
(not shown). The association of rate of decline with mortal-
ity did not vary by ethnic group for memory or for IADL
and extremity mobility measures.

We combined all variables into a single model to deter-
mine the relative strength of the factors in relation to
mortality risk. Only the language factor remained a strong
and significant predictor of mortality in this model. Those
with rapid decline in measures of language function were
2.5 times more likely to die than those with no decline
(RR � 2.5, 95% CI: 1.01 to 6.1) (not shown).

Discussion. Nondemented elderly with no more
than one problem in ADL skills who showed rapid
decline on measures of visuospatial reasoning/cogni-
tive function, language, ADL, or IADL skills were
approximately twice as likely to die as nondemented
elderly who showed no decline or slow rates of de-

Table 3 Pearson correlations between slopes of factors

Memory
Visuospatial/

cognitive Language ADL IADL

Lower
extremity
mobility

Upper
extremity
mobility

Memory 1.000 0.493* 0.352* �0.038 �0.058 0.008 �0.026

Visuospatial/cognitive 1.000 0.957* 0.162* 0.206* �0.088* �0.055

Language 1.000 0.168* 0.204* �0.080† �0.039

ADL 1.000 0.464* 0.304* 0.240*

IADL 1.000 0.458* 0.266*

Lower extremity mobility 1.000 0.202*

Upper extremity mobility 1.000

* Correlation is significant at the 0.01 level (two tailed).
† Correlation is significant at the 0.05 level (two tailed).

ADL � activities of daily living; IADL � instrumental activities of daily living.

Figure 1. Cumulative survival by rate of decline in the
language factor. No decline � - - -; slow decline � – – –;
medium decline � — - — ; rapid decline � —.
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cline. In the initial models, decline in lower extrem-
ity mobility was also associated with increased risk
of death, but the association did not persist after
additional adjustment for a history of chronic dis-
ease, smoking, alcohol use, or sensory impairment.
This suggests that the decline in lower extremity
mobility was associated with the presence of comor-
bid conditions and was not an independent predictor
of mortality. Rate of change in memory was not re-
lated to subsequent mortality. This finding contrasts
with previous reports of increased mortality risk as-
sociated with impairment and decline in cognitive
ability.11-20 However, only a few studies have used
tests based on learning and memory, information
processing, or fluid intelligence.3,12,13,25 It may be that
memory decline is so common among elderly persons
that the relation between decline and mortality risk
is attenuated. Alternatively, decline in memory is

strongly associated with dementia, and we excluded
those with dementia at baseline from the analysis.
Similarly, we excluded participants with more than
one problem in ADL skills, and our sample had rela-
tively few participants with functional deficits at
baseline.

The relation of cognitive decline to likelihood of
death was strongest and most robust for the lan-
guage factor and was stronger among relatively
young participants. Adjustment for the presence of
common chronic diseases (a history of heart disease,
stroke, diabetes, thyroid disorders, and cancer) that
may affect cognitive performance did not modify
these associations, as has been found by other
investigators.3,11-17,19-21 However, there was a high
correlation between decline on the language factor
and decline on the visuospatial/cognitive (r � 0.957)
(see table 3). The substantial relation between these

Table 4 Participant survival by rate of decline in cognitive and physical/functional factors

Participant characteristics No. participants (% deceased) Rate ratio: Model A (95% CI) Rate ratio: Model B (95% CI)

Memory factor

No decline 240 (24.6) 1.0 (reference) 1.0 (reference)

Slow decline 212 (24.1) 0.7 (0.5–1.0) 0.7 (0.5–1.1)

Medium decline 212 (23.6) 1.0 (0.7–1.4) 1.0 (0.7–1.5)

Rapid decline 213 (28.6) 1.2 (0.8–1.8) 1.1 (0.8–1.7)

Cognitive factor

No decline 447 (19.0) 1.0 (reference) 1.0 (reference)

Slow decline 140 (22.1) 1.0 (0.6–1.5) 1.1 (0.7–1.6)

Medium decline 141 (25.5) 1.1 (0.7–1.6) 1.1 (0.7–1.6)

Rapid decline 140 (47.9) 2.2 (1.5–3.2)* 2.0 (1.4–2.9)*

Language factor

No decline 474 (19.6) 1.0 (reference) 1.0 (reference)

Slow decline 135 (16.3) 0.9 (0.5–1.4) 0.9 (0.5–1.4)

Medium decline 134 (30.6) 1.1 (0.8–1.7) 1.1 (0.7–1.7)

Rapid decline 135 (48.1) 2.6 (1.8–3.6)* 2.2 (1.6–3.3)*

Activities of daily living (ADL)

No decline 717 (19.1) 1.0 (reference) 1.0 (reference)

Decline 159 (51.6) 2.2 (1.7–3.0)* 2.0 (1.4–2.7)*

Instrumental ADL

No decline 491 (16.7) 1.0 (reference) 1.0 (reference)

Decline 387 (35.9) 1.7 (1.3–2.3)* 1.6 (1.2–2.1)*

Lower extremity mobility

No decline 426 (19.2) 1.0 (reference) 1.0 (reference)

Decline 448 (30.4) 1.4 (1.1–1.9)* 1.2 (0.9–1.7)

Upper extremity mobility

No decline 538 (22.9) 1.0 (reference) 1.0 (reference)

Decline 338 (28.4) 1.2 (0.9–1.6) 1.2 (0.9–1.6)

Model A � Cox proportional hazards, adjusted for age, sex, ethnic group, education, and baseline level of performance; Model B � Cox
proportional hazards, adjusted for age, sex, ethnic group, education, history of chronic disease (heart, stroke, diabetes, thyroid disease,
cancer), smoking, alcohol use, hearing, visual impairment, and baseline level of performance.

* p � 0.05.
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two factors suggests that a more general cognitive
decline underlies this association. In contrast, the
lack of strong correlation between decline on the cog-
nitive factors and decline on the functional/physical
factors suggests that the association of decline in
cognitive or functional skill factors with increased
risk of mortality is not simply a reflection of a gener-
alized “frailty,” but rather is related to specific as-
pects of cognitive and functional performance.

Our study adds to the growing literature demon-
strating that cognitive decline and functional decline
are strong independent predictors of subsequent
mortality. The effect of rapid decline in cognitive and
functional skills among cognitively normal elderly
with few functional deficits at baseline may repre-
sent relatively recent decline compared with elderly
participants whose cognitive or functional perfor-
mance was low at the initial assessment but did not
decline further.17 To take this possibility into ac-
count, we included baseline level of performance as
a covariate in all analytic models. Another study
also found that incident cognitive decline was a
better predictor of 2-year mortality than low cogni-
tive function at baseline among persons younger
than 80 years of age.17 The pattern of these results
suggests that the rate of cognitive and functional
decline is an important risk factor for subsequent
mortality, even among those who are relatively
unimpaired.

The influence of decline in visuospatial reasoning/
cognitive and language functions on mortality risk
might be influenced by the presence of mild cognitive
impairment in our nondemented participants. The
term mild cognitive impairment (MCI) has been used
to describe the transitional state between normal
cognitive function and AD.48 While general cognitive
performance and function are well preserved, mem-
ory performance on standardized tests falls below

expectations for age and education. Subsequent stud-
ies have confirmed MCI as a transitional state that
progresses to AD at the rate of nearly 10% to 15%
per year.49 Other definitions of MCI include non-
memory MCI, which comprises deficits in abstract
reasoning/executive function, language, and/or visuo-
spatial function.49

Our results are consistent with previous studies
that have reported increased risk of death associated
with cognitive impairment or dementia3,11-20 and
have extended these findings to demonstrate that
declines in specific cognitive domains, visuospatial
reasoning/cognitive and language functions, are most
strongly implicated in mortality risk. The visuospa-
tial reasoning/cognitive factor includes the Rosen
Drawing Test,39 matching and recognition compo-
nents of the Benton Visual Retention Test,40 and the
Identities and Oddities of the Mattis Dementia Rat-
ing Scale.38 These tasks require skills in detecting
spatial relations and in abstract reasoning. A num-
ber of other studies have found a significant associa-
tion of the rate of decline on digit-symbol
substitution tasks with subsequent mortality,3,13,50 a
measure that is highly sensitive to general brain
dysfunction and is thought to mainly reflect speed of
processing. The language factor that was most
strongly related to elevated mortality risk includes
the Boston Naming Test,34 the Controlled Oral Word
Association Test (letter fluency),35 and WAIS-R Sim-
ilarities subtest37 as the main contributors. A com-
mon function assessed by these tests is word
searching, which may be related to some aspects of
executive function. Previous studies have shown that
deficits in executive function are associated with the
cognitive impairments found in mild cognitive im-
pairment and AD22,23 and can predict decline in func-
tional status.24 Thus, a component of the mortality
risk associated with the language factor may be re-
lated to executive function.

We found that the association of cognitive or func-
tional decline with the likelihood of death was stron-
ger among relatively young participants (�75 years
vs �75 years). Elevated mortality risk associated
with cognitive or functional decline in the relatively
young compared with old elderly is a consistent find-
ing in studies of risk factors for mortality.15,17,18,51-53

Cognitive or functional decline in participants
younger than 75 years of age is less common than
among those 75 and older and may be less likely to
be associated with the presence of age-related com-
mon health conditions. Rather, decline in the rela-
tively young elderly may reflect the effect of
processes that are directly associated with increased
mortality risk,17 such as rate of biologic aging rather
than chronologic aging.

A complex process such as aging is likely to in-
volve several pathways with varying effects. To en-
hance power to detect contributing pathways with
smaller effects, as in most complex traits, it is useful
to examine intermediate phenotypes such as specific
cognitive or functional skills, which are components

Figure 2. Cumulative survival by rate of decline in the ac-
tivities of daily living factor (instrumental activities of
daily living). No decline � ---; decline � —.

1224 NEUROLOGY 65 October (2 of 2) 2005

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
C

ol
um

bi
a 

U
ni

ve
rs

ity
--

N
ew

 Y
or

k 
on

 1
6 

Ja
nu

ar
y 

20
26



of the outcome of interest.54 Our study is limited by
the nature of the clinical variables and scales that
we used, which may have determined how well
change in participants could be measured. The mea-
surement of memory and other cognitive functions
by psychometric testing is more precise and yields
scores that are more truly quantitative and more
likely to indicate subtle change over time than is the
assessment of ADL, IADL, or ratings of upper and
lower extremity mobility. Further refinement of
these and additional phenotypes will be required to
support our hypothesis that preservation of cognitive
and functional ability in old age represent key traits
that contribute to the overall phenotype of longevity.
Another limitation is that we did not evaluate non-
linear forms of decline. The rate of terminal cognitive
decline can be highly variable but is likely to acceler-
ate beginning about 3 years before death.55 In sum,
our findings are consistent with previous studies
showing that risk of death is associated with cogni-
tive or functional impairment primarily in partici-
pants with varying degrees of cognitive or functional
impairment at baseline. Our study is noteworthy be-
cause we excluded participants with dementia and
functional deficits at baseline and found a significant
association of decline in cognitive or functional abil-
ity and mortality.
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