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bstract Background: Recent medical, demographic, and social trends might have had an important impact
on the cognitive health of older adults. To assess the impact of these multiple trends, we compared
the prevalence and 2-year mortality of cognitive impairment (CI) consistent with dementia in the
United States in 1993 to 1995 and 2002 to 2004.
Methods: We used data from the Health and Retirement Study (HRS), a nationally representative
population-based longitudinal survey of U.S. adults. Individuals aged 70 years or older from the
1993 (N � 7,406) and 2002 (N � 7,104) waves of the HRS were included. CI was determined by
using a 35-point cognitive scale for self-respondents and assessments of memory and judgment for
respondents represented by a proxy. Mortality was ascertained with HRS data verified by the
National Death Index.
Results: In 1993, 12.2% of those aged 70 or older had CI compared with 8.7% in 2002 (P � .001).
CI was associated with a significantly higher risk of 2-year mortality in both years. The risk of death
for those with moderate/severe CI was greater in 2002 compared with 1993 (unadjusted hazard ratio,
4.12 in 2002 vs 3.36 in 1993; P � .08; age- and sex-adjusted hazard ratio, 3.11 in 2002 vs 2.53 in
1993; P � .09). Education was protective against CI, but among those with CI, more education was
associated with higher 2-year mortality.
Conclusions: These findings support the hypothesis of a compression of cognitive morbidity
between 1993 and 2004, with fewer older Americans reaching a threshold of significant CI and a
more rapid decline to death among those who did. Societal investment in building and maintaining
cognitive reserve through formal education in childhood and continued cognitive stimulation during
work and leisure in adulthood might help limit the burden of dementia among the growing number
of older adults worldwide.
© 2008 The Alzheimer’s Association. All rights reserved.
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. Introduction

Dementia, a decline in memory and other cognitive func-
ions that leads to a loss of independent function [1], is a

ommon geriatric syndrome that exacts considerable impact

ts reserved.
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n individuals, families, and government programs. There
as been progress during the last 25 years in identifying
edical, lifestyle, and demographic factors that might affect

ither the risk of developing dementia or its rate of progres-
ion. In addition, social and cultural events have raised
wareness of cognitive health and that dementia is a termi-
al illness. What is not known is the collective impact of
hese trends on America’s overall cognitive health.

Because the number of older Americans, especially the
ldest-old (those aged 85 years or older), has grown in
ecent decades, several key developments likely have had an
mportant impact on “brain health.” New medications and
ther therapies for cardiovascular and cerebrovascular dis-
ase introduced since the early 1990s (eg, wider use of
ntihypertensive and 3-hydroxy-3-methylglutaryl coenzyme

reductase inhibitor [statin] medications) might have con-
ributed to a reduction in myocardial infarction, stroke, and
ascular dementia during the past 15 years [2,3]. However,
n increased prevalence of diabetes during this time period
from about 12.8% of older adults in 1992 to 15.1% in 2002
4]) might have led to an accompanying increase in the
revalence of dementia, given the growing evidence of an
ssociation between diabetes and cognitive decline [5,6].

In addition to these trends in control of cardiovascular
nd cerebrovascular risk factors, there have been major
hanges in the management of persons with dementia dur-
ng the past 15 years. Cholinesterase inhibitors (ChIs) were
ntroduced during the mid-1990s for the treatment of Alz-
eimer’s disease. Short-term studies reported improvements
n cognitive test scores among those with dementia taking
hIs compared with those taking placebo [7–10], but
hether there is a delay to important clinical outcomes, such

s severe disability, nursing home placement, or death, is
till debated [11–16].

Rising levels of education among older adults during the
ast 15 years might have influenced the prevalence and
utcomes of dementia. The proportion of adults age 65 or
lder with a high school diploma increased from 53% in
990 to 72% in 2003, whereas the proportion with a college
egree increased from 11% to 17% during this same time
eriod [17]. More years of formal education is associated
ith a reduced risk of dementia [18 –20], likely through
ultiple causal pathways including a direct effect on brain

evelopment and function (ie, the building of “cognitive
eserve” [21]), better health behaviors, and the general
ealth advantages of having more wealth and social oppor-
unities [3,22–24]. However, higher levels of education are
lso associated with a more rapid decline in cognitive func-
ion after the onset of dementia [25,26], which might trans-
ate to increased mortality [22,27,28] among those with
ementia.

Wealth of older adults has also increased significantly,
ith median household net worth for those age 65 or older

ncreasing (in constant 2001 dollars) from $108,000 in 1989

o $180,000 in 2001 [29]. Similar to education, greater U
ealth is associated with lower levels of disability through-
ut the life course, likely through multiple causal pathways
30,31], and might have contributed to declining levels of
ementia during the past 15 years.

To investigate the impact of these multiple trends on
ementia prevalence and mortality, we used a large nation-
lly representative study of older Americans to identify
ndividuals with cognitive impairment (CI) consistent with
ementia in 1993 and 2002 and then followed each cohort
o determine 2-year mortality for those with and without
mpairment.

. Methods

.1. Data and study population

We used data from the 1993 and 2002 waves of the
ealth and Retirement Study (HRS) [32]. In selecting our

tudy samples from the HRS, our main analytic goal was to
dentify two similar nationally representative cohorts of
lder individuals (age 70 or older) in 1993 and 2002, char-
cterize their cognitive function by using the same cognitive
ests in each year, and then follow each cohort for 2 years to
etermine mortality for individuals with (1) normal cogni-
ive function and (2) CI consistent with dementia. The CI
ategory was further subdivided into mild CI and moderate/
evere CI (described more fully below).

The HRS is a biennial, longitudinal, nationally represen-
ative survey of U.S. adults, but new cohorts have been
ntered into the study at different times [33]. As a result,
,419 individuals in our analysis were included in both the
993 and 2002 cohorts, whereas 4,024 were included only
n 1993 and 4,205 only in 2002. The standard errors for all
arameter estimates and the P values for statistical tests
omparing results across the 1993 and 2002 cohorts were
djusted for this overlap in samples [34].

The 1993 wave of the HRS was limited to individuals
ho were living in the community (ie, not residing in
ursing homes). Of the 7,443 HRS respondents who were
0 or older at the time of their 1993 interview, 793 (10.7%)
ad died by the 1995 interview, and 24 (0.3%) had unknown
tatus. The 2002 wave of the HRS included both community-
welling and institutionalized adults. Of the 7,624 respon-
ents who were 70 or older at the time of the 2002 inter-
iew, 473 (6.2%) were in a nursing home at the time of
nterview. These respondents were excluded from the anal-
sis to ensure comparable community-dwelling cohorts in
oth years. Of the remaining 7,151 respondents, 722
10.1%) died by the 2004 interview, and 33 (0.5%) had
nknown status. We excluded the small number of respon-
ents with unknown vital status at the 2-year follow-up. The
verall response rate for the HRS survey was 80.4% in 1993
nd 86.9% in 2002 [33].

The Social Sciences Institutional Review Board at the

niversity of Michigan approved the HRS, and the Medical
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chool Institutional Review Board approved the use of HRS
ata for the current study.

.2. Measurement of cognitive function and cognitive
ategory definitions

The HRS assesses cognitive function with a 35-point
cale that includes an immediate and delayed 10-noun free
ecall test to measure memory; a serial seven subtraction
est to measure working memory; a counting backwards test
o measure speed of mental processing; an object naming
est to measure knowledge and language; and recall of the
ate, the president, and the vice-president to measure ori-
ntation [35,36]. For self-respondents, the presence and
everity of CI were defined by using this 35-point cognitive
cale. A score of 11 or above was defined as normal cog-
itive function, and a score of 10 or below was defined as
I. The CI category was further subdivided into mild CI for

hose with a score of 8 to 10 and moderate/severe CI for
hose scoring from 0 to 7.

The 35-point cognitive scale was not administered to
espondents represented by a proxy (about 10% of the HRS
ample in each cohort), but each proxy was asked: “How
ould you rate [the respondent’s] memory at the present

ime?”, and “How would you rate [the respondent] in mak-
ng judgments and decisions?” If a respondent’s memory
as assessed as excellent, very good, or good, they were

onsidered to have normal cognitive function, whereas
hose with fair or poor memory were considered to have CI.
roxy assessments of judgment were used to further stratify

hose with CI into mild CI (judgment assessed as excellent,
ery good, or good) and moderate/severe CI (judgment
ssessment as fair or poor).

Our definitions and cut points for these categories were
ased on our prior studies with the HRS data [37], as well
s the methods used for the Aging, Demographics, and
emory Study (ADAMS), a supplemental study of demen-

ia in the HRS [38]. The validity of these categories is
upported by the clear trends in functional limitations with
hich they are associated. We assessed the mean number of

imitations in instrumental activities of daily living (IADLs)
preparing meals, grocery shopping, making phone calls,
aking medications, managing money) and found that those
n the normal, mild CI, and moderate/severe CI categories
ad an average of 0.4, 1.1, and 2.5 IADL limitations, re-
pectively (P � .001). Similar trends were found for both
elf-respondents and proxy-respondents when we analyzed
hese groups separately. More details on the HRS self-report
nd proxy cognitive measures are available at the HRS
ebsite [39].

.3. Independent variables used as covariates

The following sociodemographic measures were in-
luded in the analyses as independent variables: age (70 to

9, 80 to 89, �90 years), race (white, black, other), gender, s
ducation (�12 years, 12 years, 13 to 15 years, and �16
ears), potential caregiver network (a spouse and/or living
hildren), and net worth (tertiles, 1993 dollars). The self-
eported chronic medical conditions included were stroke,
iabetes, heart disease, hypertension, lung disease, cancer,
sychiatric problems, smoking status, and obesity (self-
eported height and weight resulting in a body mass index
BMI] �30 kg/m2).

.4. Determining mortality and date of death

Vital status and date of death were ascertained by using
he HRS tracker and exit files and were verified by using the
ational Death Index [33]. For the 1993 cohort, the number
f days between the 1993 interview and the date of death
as calculated for all respondents who died before the 1995

nterview. For those who were alive at the time of the 1995
nterview, we calculated the number of days between the
993 and 1995 interview dates. The same method was used
or the 2002 cohort.

.5. Analytic framework

.5.1. Trend in the prevalence and predictors of CI 1993
nd 2002

We pooled data from 1993 and 2002 and estimated
ogistic regression models with a dichotomous dependent
ariable indicating whether an individual had CI (mild,
oderate, or severe). A linear trend variable that took the

alue of 0 in 1993 and 1 in 2002 was included in the logistic
egression models. An odds ratio (OR) less than 1 for this
rend variable would indicate a decrease in the prevalence of
I between 1993 and 2002 [40]. We estimated seven sep-
rate logistic regression models with different sets of inde-
endent variables (eg, demographic variables, education,
ardiovascular risks, and other chronic conditions) to deter-
ine which variables were most significantly associated
ith change in the prevalence of CI between 1993 and 2002.

.5.2. Two-year mortality in 1993 and 2002
To examine changes in mortality from 1993 to 2002, we

stimated separate Cox proportional hazards models for
993 and 2002 to determine the unadjusted and adjusted
azard ratios (HRs) of baseline cognitive category for sub-
equent 2-year mortality. For each year, we estimated a
odel containing only the cognitive categories as an inde-

endent variable (unadjusted HR of cognitive category for
-year mortality) and a second model that added age and
ender (age- and gender-adjusted HR). We then estimated a
ully adjusted model that included all covariates, as well as
nteractions for cognitive category and education level. Sta-
istical significance of changes in the HRs between years
as assessed by using bootstrapping methods to estimate

tandard errors.
We repeated all of the prevalence and mortality regres-

ion analyses after inclusion of an indicator variable for

elf-respondent or proxy-respondent. This did not signifi-
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antly change the coefficient estimates or across-year
rends, so we reported the results from the original analyses
hat did not include the self-respondent or proxy-respondent
ndicator variable.

Statistical analyses were performed with STATA (Re-
ease 8.0; Stata Corp, College Station, TX) and SUDAAN
Release 9.0; Research Triangle Institute, Research Triangle
ark, NC). All results were adjusted for the complex sam-
ling design of the HRS survey.

. Results

.1. Characteristics of the study population

Table 1 shows the characteristics of the 1993 and 2002
tudy cohorts. Compared with the 1993 cohort, the 2002
ohort was slightly older (mean, 77.8 vs 77.5 years), had
ignificantly more years of education, and had higher net
orth (in constant 1993 dollars). Individuals with less than
high school diploma (12 years of education) comprised

2% of the sample in 1993 but only 31% in 2002. On
verage, individuals in the 2002 cohort had almost 1 more
ear of education compared with those in the 1993 cohort
11.8 vs 11.0 years). The 1993 and 2002 cohorts had the
ame likelihood of being married, but those in the 2002
ohort were more likely to have a living child.

Those in the 2002 cohort had significantly fewer IADL
imitations but higher rates of cardiovascular risk factors
nd cardiovascular disease, including diabetes, hyperten-
ion, obesity, and heart disease. The proportion of the HRS
ample represented by a proxy respondent was the same
10%) in both the 1993 and 2002 cohorts.

.2. Trend in prevalence and adjusted odds of CI

Table 2 shows the unadjusted proportion of individuals
n each cognitive function category in 1993 and 2002 and
isplays a significant decrease in the proportion of individ-
als who had CI consistent with dementia between 1993 and
002 (12.2% had CI in 1993 compared with 8.7% in 2002;
� .001).
Table 3 reports the results of seven different logistic

egression models with the presence of CI (mild, moderate,
r severe) as the outcome variable, with pooled 1993 and
002 data. The trend variable in the first row of the table
epresents the odds of CI in 2002 compared with 1993.

odel 1 shows the statistically significant decline (OR,
.68) in unadjusted CI prevalence already noted in Table 2.
hen adjusting for age and sex differences between the two

ohorts (Model 2), the trend toward decreased CI preva-
ence was slightly larger (the trend OR drops from 0.68 to
.65), as a result of the older age of the 2002 cohort and the
trong association of older age with increased odds of CI.
igher levels of education (Model 3) and net worth (Model
) were associated with significantly lower odds of CI, and

he higher levels of education and net worth in the 2002 l
ohort accounted for about 43% (15 percentage points) of
he decrease in CI prevalence between the years (ie, the
rend OR increased from 0.65 to 0.80, with adjustment for
ducation and net worth). In the fully adjusted model
Model 7), stroke was associated with increased odds of CI
nd hypertension with lower odds of CI, but the other
ardiovascular risks did not show a significant association
ith CI. After adjustment for education and net worth,

dditional independent variables (Models 5 through 7) did
ot explain more of the decrease in CI prevalence between
993 and 2002.

.3. Two-year mortality: 1993 to 1995 and 2002 to 2004

Table 4 shows the unadjusted 2-year mortality for indi-
iduals in each cognitive function category in 1993 and
002. In both years, cognitive function was clearly related
o risk of death, with significantly higher mortality among
hose with worse cognitive function.

Table 5 shows the unadjusted and adjusted HRs for
-year mortality (with normal cognitive function as the
eference group). CI was associated with increased 2-year
ortality in both 1993 and 2002. Mortality among those
ith moderate/severe CI in 2002 was higher than in 1993

unadjusted HR, 4.12 vs 3.36; P � .08; age-and sex-
djusted HR, 3.11 vs 2.53; P � .09). To determine whether
ore years of education were associated with an increased

isk of death among those with CI, we tested for a signifi-
ant interaction between cognitive function category and
ducation in the fully adjusted model. More years of edu-
ation were generally associated with an increased risk of
eath among those with CI (ORs �1 for the CI � education
nteraction). The magnitude of this interaction was larger in
he 2002 cohort compared with the 1993 cohort, suggesting
n increasing risk of mortality for those with CI and more
ears of education in 2002 compared with 1993.

. Discussion

In a large nationally representative survey of older
mericans we found that between 1993 and 2002, the prev-

lence of CI consistent with dementia decreased from
2.2% to 8.7%, representing an absolute decrease of 3.5
ercentage points and a relative decrease of nearly 30%. In
ddition, we found an increased risk of death among those
ith moderate or severe CI, and this increased mortality was
ost evident among those with CI who had higher levels of

ducation.
The decline in the prevalence of CI suggests that, overall,

he combined impact of recent trends in medical, lifestyle,
emographic, and social factors has been positive for the
ognitive health of older Americans. Although the preva-
ence of some cardiovascular risks that are also associated
ith a higher risk of dementia [15] increased significantly,
ther factors showed trends that favored a reduced preva-

ence of CI. Most importantly, individuals who were 70 or
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able 1
haracteristics of the 1993 and 2002 study cohorts

ariable 1993 (N � 7,406) 2002 (N � 7,104) P value*

ge (y) .08
70 to 79 4,860 (67.0) 4,494 (64.6)
80 to 89 2,248 (29.1) 2,258 (31.2)
�90 298 (3.9) 352 (4.3)
Mean � SE 77.5 � 0.1 77.8 � 0.9 .02

ace .004
White 6,237 (90.2) 6,096 (89.4)
Black 1,014 (8.0) 793 (7.7)
Other 154 (1.8) 207 (2.9)

ender .1
Male 2,886 (40.0) 2,990 (40.8)
Female 4,520 (60.0) 4,114 (59.2)

ducation (y) �.001
�12 3,337 (42.0) 2,350 (31.2)
12 2,151 (30.6) 2,370 (34.1)
13 to 15 1,055 (14.8) 1,194 (17.2)
�16 863 (12.7) 1,190 (17.4)
Mean � SE 11.0 � .09 11.8 � .10 �.001

et worth (1993 $) �.001
�43,500 2,668 (32.5) 1,968 (26.8)
43,500 to 167,100 2,667 (36.8) 2,202 (30.7)
�167,100 2,071 (30.6) 2,934 (42.5)
Mean � SE 179,000 � 8,400 284,000 � 10,900 �.001

otential caregiver network
Spouse present 3,625 (50.4) 3,745 (50.1) .9
Living child 6,433 (87.1) 6,484 (90.4) �.001

o. of ADLs† impaired .7
0 5,160 (70.8) 4,989 (70.9)
1 to 3 1,751 (23.0) 1,676 (23.3)
4 to 6 495 (6.2) 439 (5.8)
Mean � SE 0.67 � 0.02 0.66 � 0.02 .7

o. of IADLs‡ impaired �.001
0 5,112 (70.3) 5,631 (80.0)
1 to 3 1,955 (25.5) 1,141 (15.9)
4 to 5 339 (4.2) 329 (4.2)
Mean � SE 0.56 � 0.02 0.44 � 0.02 �.001

hronic conditions
Stroke 785 (10.5) 774 (10.7) .7
Diabetes 987 (12.4) 1,310 (17.8) �.001
Heart disease 2,339 (32.0) 2,448 (34.1) .005
Hypertension 3,694 (49.1) 4,228 (59.6) �.001
Lung disease 842 (11.9) 768 (11.0) .1
Cancer 1,014 (14.0) 1,287 (18.4) �.001
Psychiatric problem 805 (10.8) 942 (13.2) �.001

MI (kg/m2) �.001
�18.5 295 (4.0) 243 (3.4)
18.5 to 24.9 3,320 (46.6) 2,858 (41.1)
25.0 to 29.9 2,637 (35.7) 2,653 (37.7)
�30.0 1,050 (13.7) 1,261 (17.8)

moking status �.001
Never 3,508 (47.8) 3,128 (44.6)
Former 3,113 (42.5) 3,381 (47.6)
Current 729 (9.7) 541 (7.7)

espondent type .7
Self 6,621 (89.7) 6,295 (89.9)
Proxy 785 (10.3) 809 (10.1)

NOTE. Values in parentheses are weighted percentages derived by using the HRS respondent population weights to adjust for the complex sampling design of
he HRS survey.

Abbreviation: SE, standard error.
* P value for �2 or t test for a significant difference in proportion or mean between years.
† Includes eating, transferring, toileting, dressing, bathing, and walking across a room.

‡ Includes preparing meals, grocery shopping, making phone calls, taking medications, managing money.
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lder in 2002 had significantly higher levels of education,
n average, than those who were 70 or older in 1993. Our
rend analyses suggested that increasing levels of education
nd net worth among older Americans explained about 40%
f the observed relative decrease in CI prevalence between
993 and 2002.

Higher levels of education are likely associated with
reater cognitive reserve, in that brains of the more educated
re able to sustain greater damage (eg, Alzheimer’s disease
athology or ischemia) before reaching the threshold of
linically significant CI [21,26]. However, at the time this
hreshold is finally crossed, brain pathology is more ad-
anced in those with more education, resulting in a more
apid cognitive decline [22,26] and greater risk of mortality
22,27]. Our findings support the cognitive reserve hypoth-
sis in that we found a significant protective effect of edu-
ation on CI risk in both the 1993 and 2002 cohorts and
ncreased risk of 2-year mortality among those with CI who
ad higher levels of education in both the 1993 and 2002
ohorts. Our findings of a declining prevalence of CI be-
ween 1993 and 2002 and the strong association of educa-
ion with decreased risk for CI are consistent with similar
rends found between 1982 and 1999 in a recent study with
ata from the National Long Term Care Survey [3], and our
ndings extend those of Freedman et al [23,41], who also
ound a decline between 1993 and 1998 in severe CI with
RS data.
Potential mechanisms leading from more education to

etter cognitive function and reserve include a direct posi-
ive effect of schooling on brain development [3,24,26],
reater mental stimulation throughout the life course as a
esult of more cognitively demanding occupations [42,43]
nd leisure time activities [20,24,44], and more “brain
ealthy” lifestyles such as better control of cardiovascular
nd cerebrovascular risk factors, as well as better access to
ealth care interventions that might help preserve cognitive
unction [30,31].

Our finding that the increasing prevalence of cardiovas-
ular risks was not accompanied by an increasing preva-
ence of CI suggested that these risks were treated more
uccessfully in 2002 compared with 1993. For instance, a

able 2
ognitive function at baseline, 1993 and 2002 cohorts

ognitive function 1993 (N � 7,393) 2002* (N � 7,083)

ormal 6,354 (87.8) 6,413 (91.3)
ild CI 440 (5.2) 257 (3.5)
oderate/severe CI 599 (7.0) 413 (5.2)

NOTE. Values in parentheses are weighted percentages derived by using
he HRS respondent population weights to adjust for the complex sampling
esign of the HRS survey. Cognitive function data were missing for 13
espondents in 1993 and 21 respondents in 2002. These respondents were
xcluded from this analysis.

* P � .001 for differences in weighted percentages across study years.
ecent analysis of Medicare Current Beneficiary Survey a
MCBS) data showed that the use of statin medications to
reat high cholesterol increased from 4% to 22% of older
ndividuals with heart disease between 1993 and 2002,
hereas use of any antihypertensive medication increased

rom 46% to 62% [45]. This more intensive treatment was
ccompanied by significantly better blood pressure control
nd improved cholesterol profiles among those 65 to 84
ears old, as measured in the National Health and Nutrition
xamination Survey (NHANES). In sum, both more inten-
ive and successful treatment of cardiovascular risks in
002 compared with 1993 might have had a “spill-over”
enefit for population cognitive health. The association of
elf-reported hypertension with lower risk of dementia in
ur study is consistent with a possible protective effect of
ntihypertensive medications [46,47]; however, we were
nable to test this hypothesis directly.

There have been significant changes in the treatment of
lzheimer’s disease, the most common cause for dementia,
uring the time period of our study. Since 1993, ChI med-
cations have been approved for treatment of mild to mod-
rate Alzheimer’s disease. The use of these medications has
ncreased rapidly since their introduction; about 25% of
atients with Alzheimer’s disease were using a ChI during
he late 1990s in one population-based study [48], and
rescriptions have increased steadily since then [49]. Be-
ause these medications are used mainly only after diagno-
is of dementia, and because their impact on cognitive
unction is modest, it is highly unlikely that they are an
mportant explanation for the decreased prevalence of CI
etween 1993 and 2002 that we found in our study.

One prior study with HRS data to study trends in cog-
itive function did not show the same results as our study.
odgers et al [50] found no significant decline in the pro-
ortion of those with CI, after adjusting for a number of
urvey design issues, including whether respondents had
aken the HRS cognitive test at a prior wave. The exclusion
rom that study of proxy respondents, a significant propor-
ion of whom have CI, might be one source for the differ-
nce in findings. However, Freedman et al [23] found a
ignificant decline in severe CI in the community-dwelling
ample (both self-respondents and proxy respondents)
etween 1993 and 1998, and these findings were robust to
arious assumptions regarding loss to follow-up, trends
n the size and composition of the nursing home popula-
ion, and the handling of item nonresponse on the HRS
ognitive scale [41]. Our study adds to this prior work by
racking important changes in the mortality associated
ith CI during this time period and by using more recent
RS data.
To further examine the potential impact of differential

oss to follow-up on our results, we determined the baseline
ognitive status of those who were lost to follow-up be-
ween the 1993 and 2002 waves of the study (ie, those who
ere not known to be dead and who did not provide either

self-interview or proxy interview in 2002). Of the 7,406



Table 3
ORs for presence of CI in 1993 and 2002 (N � 14,476)

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Trend (2002 vs 1993) 0.68 (0.60–0.77) 0.65 (0.58–0.73) 0.76 (0.67–0.86) 0.80 (0.70–0.91) 0.77 (0.67–0.87) 0.74 (0.64–0.86) 0.72 (0.62–0.83)

Age (y)
70 to 79 Reference Reference Reference Reference Reference Reference
80 to 89 2.38 (2.08–2.73) 2.21 (1.93–2.52) 2.11 (1.84–2.41) 2.30 (1.98–2.67) 2.27 (1.98–2.61) 2.34 (2.07–2.72)
�90 6.82 (5.67–8.21) 5.56 (4.57–6.75) 5.00 (4.11–6.08) 5.86 (4.71–7.29) 5.63 (4.51–7.04) 6.01 (4.84–7.46)

Female gender 0.83 (0.72–0.95) 0.83 (0.72–0.96) 0.72 (0.62–0.82) 0.77 (0.66–0.89) 0.79 (0.66–0.94) 0.76 (0.64–0.90)

Education (y)
�12 Reference Reference Reference Reference Reference
12 0.32 (0.28–0.38) 0.40 (0.35–0.47) 0.44 (0.38–0.51) 0.44 (0.38–0.51) 0.45 (0.39–0.52)
13 to 15 0.24 (0.19–0.29) 0.32 (0.26–0.40) 0.35 (0.28–0.43) 0.35 (0.28–0.44) 0.36 (0.29–0.45)
�16 0.19 (0.15–0.24) 0.29 (0.22–0.37) 0.30 (0.23–0.39) 0.30 (0.23–0.39) 0.30 (0.23–0.39)

Net worth (1993 $)
�43,500 Reference Reference Reference Reference
43,500 to 167,100 0.50 (0.43–0.57) 0.55 (0.47–0.63) 0.58 (0.50–0.66) 0.59 (0.51–0.68)
�167,100 0.34 (0.28–0.41) 0.38 (0.33–0.46) 0.42 (0.35–0.51) 0.44 (0.36–0.53)

Race
White Reference Reference Reference
Black 2.38 (1.97–2.86) 2.52 (2.11–3.02) 2.61 (2.19–3.12)
Other 2.35 (1.70–3.26) 2.60 (1.88–3.61) 2.60 (1.85–3.67)

Caregiver network
Spouse present 1.17 (1.01–1.36) 1.19 (1.03–1.38) 1.19 (1.03–1.37)

Living child 1.02 (0.82–1.28) 1.01 (0.81–1.25) 1.02 (0.83–1.26)

Cardiovascular risks
Stroke 2.86 (2.49–3.29) 2.86 (2.48–3.29)
Diabetes 1.08 (0.92–1.26) 1.07 (0.91–1.25)
Hypertension 0.84 (0.73–0.96) 0.82 (0.71–0.94)

Obesity 0.90 (0.73–1.11) 0.90 (0.73–1.11)

Heart disease 0.94 (0.81–1.10) 0.92 (0.79–1.07)

Smoking status
Never Reference Reference
Former 0.99 (0.83–1.18) 0.98 (0.83–1.13)
Current 1.14 (0.85–1.54) 1.12 (0.83–1.52)

Other chronic conditions
Lung disease 0.97 (0.80–1.17)
Cancer 0.92 (0.77–1.12)

Psychiatric problem 1.86 (1.62–2.14)

NOTE. CI includes those with mild, moderate, or severe CI. 95% confidence intervals are in parentheses. Adjusted ORs derived by using a logistic regression model with pooled 1993 (N � 7,393) and
2002 (N � 7,083) data, with CI (mild, moderate, or severe) as the dependent variable. Values greater than 1 indicate increased odds of CI.
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ndividuals included in the baseline 1993 survey, 453
6.1%) were lost to follow-up in 2002. Among this group,
.3% of those who had normal cognitive function in 1993
ere lost, 4.6% of those with mild CI in 1993 were lost, and
.4% of those with moderate/severe CI were lost. These
esults suggested that differential loss to follow-up was not
n important reason for the lower prevalence of CI found in
002, because the overall loss to follow-up rate was low
93.9% of individuals were accounted for), and those with
oorer cognitive function at baseline were actually some-
hat less likely to be lost to follow-up by the 2002 wave.
This study has a number of potential limitations that

hould be considered when interpreting the results. The
RS cognitive measures provided an assessment of cogni-

ive function, but they did not allow the determination of a
linical diagnosis of dementia. However, we used cognitive
ategories and cutoff scores that have shown good correla-
ion with dementia in prior studies; specifically limitations
n ADLs and IADLs [37], extent of informal caregiving
37], and the likelihood of nursing home admission [51].
nother limitation related to the cognitive measures is that
ifferent instruments were used for self-respondents and
roxy respondents. The currently available HRS data did
ot allow us to calibrate and validate the instruments against
ne another. However, a recently completed dementia sub-
tudy of the HRS—the ADAMS [38]—administered both
he self and proxy instruments for each respondent, so future
nalyses of these data will allow a calibration and validation
f the instruments.

We excluded 473 nursing home residents from the 2002
ample to increase the comparability with the 1993 sample,
hich only included individuals living in the community. A

ignificant change in the pattern of institutionalization be-
ween 1993 and 2002, specifically if those with CI were
uch more likely to be institutionalized in 2002 compared
ith 1993, could have contributed to the decrease in CI
revalence that we found. As future waves of HRS data
ecome available to follow individuals from the community
nto nursing homes during longer time periods, the contri-
ution of possible shifts in institutionalization patterns to
hanges in CI prevalence in the community will be more

able 4
nadjusted 2-year mortality, by cognitive function category, 1993 and
002 cohorts

ognitive function 1993 (N � 7,393) 2002 (N � 7,098)

% Dead at 2-year follow-up

ormal 8.6 (7.6–9.6) 8.2 (7.5–8.9)
ild CI 18.5 (14.8–22.1) 16.8 (12.4–21.1)
oderate/severe CI 25.9 (21.5–30.3) 29.8 (24.9–34.6)

NOTE. Values are weighted percentages derived by using the HRS
espondent population weights to adjust for the complex sampling design
f the HRS survey. 95% confidence intervals are in parentheses.
asily determined. f
There are also data limitations regarding the self-report
f comorbid health conditions and the treatments for those
onditions. Diagnostic criteria for health conditions (eg,
ypertension and diabetes), as well as the threshold to un-
ertake diagnostic work-ups for health conditions, change
ver time. These diagnostic changes likely account for some
f the difference in self-reported prevalence of the chronic
onditions included in our analysis. Finally, we did not have
ata on the use of cardiovascular and dementia medications,
o we could not directly assess how the increasing use of
hese agents during the time period of our study might have
ffected overall brain health.

The strengths of this analysis include its large nationally
epresentative samples of U.S. adults who used the same
ognitive tests in both years. In addition, the HRS measured
ognitive function directly and in a consistent way and also
sed a proxy informant to provide an assessment of memory
nd judgment for those respondents unable to participate.
hese features overcome the shortcomings of using demen-

ia diagnoses obtained from administrative data and exclud-
ng those who are significantly impaired because data are
ot gathered from a proxy. The representative community
ample of the HRS included a wide range of educational
ttainment, allowing a better assessment of the relationship
f education to CI and mortality than most clinical samples
n which individuals with low levels of education are often
nder-represented. We also had nearly complete 2-year
ortality follow-up of the more than 7,000 individuals in

ach cohort. Hence, our mortality analyses are unlikely
iased by nonrandom attrition from the cohorts.

In summary, our findings engender optimism regarding
rends in the overall cognitive health and quality of life of
lder Americans and support the hypothesis of a possible
ompression of cognitive morbidity between 1993 and
004, with fewer older Americans reaching a threshold of
ignificant CI and a more rapid decline to death among
hose who did. Given the complexity of making valid com-
arisons of population cognitive health across different birth
ohorts, replication of these findings with future waves of
he HRS, other longitudinal studies in the United States, and
ongitudinal studies in other countries is necessary to further
est the compression of cognitive morbidity hypothesis. The
rowth in the elderly population in the coming decades
ncreases the public health importance of better understand-
ng trends in cognitive health and whether a societal invest-
ent in building and maintaining cognitive reserve through

ormal education in childhood, as well as continued cogni-
ive stimulation during work and leisure in adulthood, might
elp limit the future burden of dementia, especially among
he oldest-old.
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Table 5
Unadjusted and adjusted HRs for 2-year mortality, 1993 and 2002 cohorts

1993 2002

Unadjusted Age- and sex-adjusted Fully adjusted* Unadjusted Age- and sex-adjusted Fully adjusted*

Cognitive function
Normal Reference Reference Reference Reference Reference Reference
Mild CI 2.24 (1.85–2.72) 1.90 (1.56–2.30) 1.57 (1.23–2.00) 2.16 (1.59–2.94) 1.82 (1.34–2.47) 1.03 (0.65–1.65)
Moderate/severe CI 3.36 (2.74–4.13) 2.53 (2.04–3.14) 1.84 (1.41–2.40) 4.12† (3.22–5.26) 3.11‡ (2.34–4.12) 1.88 (1.33–2.65)

Education (y)
�12 Reference Reference
12 0.86 (0.70–1.04) 0.82 (0.66–1.02)
13–15 0.85 (0.68–1.06) 0.64 (0.51–0.81)
�16 0.84 (0.59–1.21) 0.88 (0.66–1.19)

Cognitive function � education
Mild CI � 12 1.44 (0.70–2.95) 3.65 (1.74–7.67)
Mild CI � 13–15 0.63 (0.06–6.59) 2.87 (1.05–7.90)
Mild CI � �16 2.25 (0.95–5.34) 0.40 (0.04– 3.73)
Mod/Sev CI � 12 1.85 (1.05–3.28) 1.71 (0.85–3.44)

Mod/Sev CI � 13–15 2.69 (1.20–6.00) 2.93 (1.06–8.07)
Mod/Sev CI � �16 1.14 (0.32–4.05) 2.44 (0.78–7.62)

NOTE. 95% confidence intervals are in parentheses.
Abbreviation: Mod/Sev, Moderate/severe.
* Includes cognitive function, age, race, gender, net worth, education, potential caregiver network, chronic conditions, smoking status, and cognitive function � education level interaction terms.
† P � .08 for comparison of unadjusted HRs in 2002 vs 1993 (4.12 vs 3.36).
‡ P � .09 for comparison of age- and sex-adjusted HRs in 2002 vs 1993 (3.11 vs 2.53).
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