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This study usedmixed-effects modeling of data from a national sample of 6,476 US adults born before 1924, who
were tested 5 times between 1993 and 2002 on word recall, serial 7’s, and other mental status items to determine
demographic and socioeconomic predictors of trajectories of cognitive function in older Americans. Mean decline
with aging in total cognition score (range, 0–35; standard deviation, 6.00) was 4.1 (0.68 standard deviations) per
decade (95% confidence interval: 3.8, 4.4) and in recall score (range, 0–20; standard deviation, 3.84) was 2.3 (0.60
standard deviations) per decade (95% confidence interval: 2.1, 2.5). Older cohorts (compared with younger
cohorts), women (compared with men), widows/widowers, and those never married (both compared with married
individuals) declined faster, and non-Hispanic blacks (compared with non-Hispanic whites) and those in the bottom
income quintile (compared with the top quintile) declined slower. Race and income differences in rates of decline
were not sufficient to offset larger differences in baseline cognition scores. Educational level was not associated
with rate of decline in cognition scores. The authors concluded that ethnic and socioeconomic disparities in
cognitive function in older Americans arise primarily from differences in peak cognitive performance achieved
earlier in the life course and less from declines in later life.

aged; cognition; health status disparities; longitudinal studies; social class

Abbreviations: AHEAD, The Study of Assets and Health Dynamics Among the Oldest Old; CI, confidence interval; SES, socio-
economic status.

Cognitive decline exacts an enormous toll on older adults,
their families, and society. Although gradual decline is
common in late life (1–3), the rate of cognitive decline
varies substantially (4–7). In cross-sectional studies,
demographic and socioeconomic variables account for
22%–26% of the variance in cognitive test scores (8), much
more than chronic medical conditions (9–11); yet, there is
debate about whether this reflects demographic and socio-
economic differences in the rates of cognitive decline or
only differences in maximum achieved cognitive function
(12–15).

Longitudinal studies that have found socioeconomic and
demographic differences in cognitive decline have been
either small (5, 16–18), conducted in special popula-
tions (1, 19), based on 1 or 2 follow-ups (where cognitive

decline is confounded by differences in the practice effect) (5,
18–23), or have used cognition tests prone to ceiling effects
that mask declines in high performers (17–19, 21, 23–26).
Moreover, in nearly all studies, cross-sectional associations
with demographic variables are larger than longitudinal asso-
ciations (25, 26), and some studies have found no differences
in cognitive decline by gender (12, 13, 15, 23, 25), birth year
(22, 27), or socioeconomic status (SES) (2, 12, 15, 28).

Thus, it is not clear whether there truly are demographic
and socioeconomic differences in rates of cognitive decline
with aging. Accordingly, the objective of this study was to
determine the average trajectory of cognitive functioning in
older Americans, and its demographic and socioeconomic
predictors, using a nationally representative cohort serially
tested for cognitive performance over 9 years.
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MATERIALS AND METHODS

Data were derived from The Study of Assets and Health
Dynamics Among the Oldest Old (AHEAD), started in 1993
as a national survey of a probability sample of 8,222 US
noninstitutionalized persons born before 1924, with over-
sampling of minority ethnic groups (29). The response rate
was 80%. Demographic, socioeconomic, and cognitive per-
formance assessments were made at baseline (1993) and
were repeated in 1995, 1998, 2000, and 2002. Our analytic
sample consisted of 6,476 participants who, at baseline,
were at least 69 years and 10 months of age, had nonproxy
cognition testing, and were missing at most one cognition
subscale. More than 80% of the sample (n ¼ 5,272) had
cognition scores at 2 or more visits, and 2,353 (36.3%)
had cognition scores at all 5 visits.

Measurements

Demographic information collected included self-
reported sex, age, marital status (married, widowed,
separated/divorced, never married), and race/ethnicity
(non-Hispanic white, non-Hispanic black, Mexican Ameri-
can, non-Mexican Hispanic American, other). Socioeco-
nomic measures considered were highest year of school/
college completed, household wealth (the sum of all
components—e.g., primary residence, retirement accounts,
savings—minus all debt), and annual household income
(e.g., individual and spouse’s earnings, pensions, Social Se-
curity). To allow for nonlinear associations with cognition
(12, 13, 30), we categorized age (70–79, 80–89, �90 years),
education (<8, 8–11, 12–14, >14 years of formal school-
ing), wealth, and annual income (each as �20th, 21st–50th,
51st–80th, >80th percentile). In follow-up visits, changes
from baseline were recorded for marital status (dichoto-
mized: lost partner vs. no change or gained partner), wealth,
and income (each classified: �15% increase, �15%
decrease, <15% change).

Cognitive performance testing, based on the Telephone
Interview for Cognitive Status (a validated assessment tool
comparable to the Mini-Mental State Examination (31)),

was administered at all visits. Participants were assigned
to telephone interviews if aged 79 years or younger and to
in-person interviews if older than age 79 years, but they
were allowed to switch mode of administration. Testing in-
cluded immediate and 5-minute delayed-recall test of 10
high-frequency nouns (each scored 0–10); serial 7’s subtrac-
tion test, as a test of working memory, attention, and cal-
culation (scored 0–5); and other mental status items (scored
0–10) that assess orientation to time (date, month, year, day
of the week; 4 points), attention (counting backward from
20; 2 points), language (object naming; 2 points), and
knowledge of current affairs (president and vice president
of the United States; 2 points). The total score (range, 0–35)
has been validated (32); has a near-normal distribution; and,
because of the verbal memory component, is sensitive to
early changes and less susceptible to ceiling effects (33, 34).

Total cognition scores for participants missing 1 of the 4
subscales were computed as the sum of the 3 available sub-
scales. An indicator variable for imputed score was included
in all models. The proportions of scores imputed were 1.8%
(n ¼ 120) in 1993, 5.0% (n ¼ 321) in 1995, 3.3% (n ¼ 215)
in 1998, 2.9% (n ¼ 191) in 2000, and 1.9% (n ¼ 121) in
2002. Recall scores (range, 0–20) were computed by sum-
ming immediate and delayed-recall scores.

In the second (1995) and third (1998) waves, to compare
telephone with face-to-face administration, AHEAD ran-
domly assigned participants aged 78–81 years to one or
the other; average scores did not differ significantly by mode
of administration (35). Test-retest reliability has also been
documented for similar instruments. In one study, the intra-
class correlation coefficients between the comprehensive
test score from telephone interview and in-person interview
of the same individuals by different clinicians varied be-
tween 0.92 and 0.98 (36).

Statistical analyses

After visual examination of the trajectory of visit-specific
mean cognition scores for the 2,353 participants with scores
at all 5 visits, we decided to fit a 3-parameter growth curve,
with intercept (baseline score), practice effect (step increase
after first testing that reflects learning and increased self-
assurance (25, 26)), and linear aging-related decline (con-
stant slope, starting from baseline). The 3-parameter model
fit the mean trajectory well for both total cognition score
(R2 ¼ 0.89) and recall score (R2 ¼ 0.95) (Figure 1).

We used a mixed-effects model to fit growth curves to the
repeated measurements of cognition score (using HLM soft-
ware, version 6.01 with full maximum likelihood (37)),
wherein each trajectory parameter (intercept, practice ef-
fect, and slope) was allowed to vary from individual to in-
dividual (as random effects) and to vary by baseline
demographic and socioeconomic characteristics (as fixed
effects). Additionally, change from baseline in marital sta-
tus, household income, and wealth were modeled as affect-
ing cognition score contemporaneously—also as fixed
effects. This approach allows changes in cognitive perfor-
mance to be initiated by changes in socioeconomic or mar-
ital status and to persist as long as the change in predictor
status is maintained.
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Figure 1. Mean cognition score trajectories among Study of Assets
and Health Dynamics Among the Oldest Old cohort participants with
complete follow-up: 1993, 1995, 1998, 2000, and 2002.
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To capture the potential impact of poor functioning at
baseline (21), we included a binary indicator for low per-
formance (based on being in the bottom quartile of baseline
total cognition score in one’s educational peer group) as
a predictor of both practice effect and slope. We used
educational-level-specific cutpoints to identify low perform-
ers (total cognition score �13 if less than a high school
education, �18 if only a high school education, and �19
if more than a high school education) because of the strong
influence of education on cognition test performance and to
allow for the fact that, in the less educated, low scores may
not reflect lower cognitive abilities (38, 39).

To minimize bias due to differential attrition (12, 40), we
included a binary indicator of continued participation (at
least one follow-up) as well as the number of cognition
assessments (integer; range, 1–5). Both terms were modeled
to influence the intercept (baseline score) and the integer
term to also influence practice effect and slope. These terms
reflect, among other factors, proximity to death or serious
illness (15).

Because education effects on cognitive decline could vary
across groups (41), we tested modification of education ef-
fects (on trajectory parameters) by decade of age, ethnicity,
gender, and marital status, adding interactions (education 3
demographic variable), one variable at a time, to the models.
We also tested for differences in education effects on learn-
ing (practice) and decline (slope) by baseline low perfor-
mance status, using education 3 ‘‘low performance’’
interactions. Because studies have found that being married
is more protective for men than for women (42, 43), we also
tested gender 3 marital status interactions.

For all analyses, we used normalized sample weights to
estimate population averages for noninstitutionalized,
older adults in the United States. All statistical tests were
2-sided.

RESULTS

Compared with persons excluded from the study, the study
sample was younger, more educated, wealthier, and more
likely to be female and non-Hispanic white (Table 1). Similar
differences were seen when we compared those in the study
sample for whom follow-up was complete complete with the
rest. In addition, those persons with complete follow-up were
also more likely to be married (Table 2). Mean number of
cognition assessment visits was 3.3 (median, 4).

Mean total cognition score at baseline (range, 0–35) was
19.84 (95% confidence interval (CI): 19.69, 19.99; standard
deviation, 6.00), mean practice effect was 0.93 (95% CI:
0.78, 1.08)—thus, average improvement on repeat testing
was almost 1 point—and mean slope was �0.41 per year
(95% CI: �0.44, �0.38)—thus, mean decline was slightly
more than 4 points (0.68 standard deviations) per decade.
Random-effect variances (in the null model) were 24.26 in
intercept, 1.32 in practice effect, and 0.13 in annual slope.
Mean recall score (range, 0–20) at baseline was 7.78 (95%
CI: 7.68, 7.88; standard deviation, 3.84), mean practice ef-
fect was 0.73 (95% CI: 0.61, 0.86), and mean slope was
�0.23 per year (95% CI: �0.25, �0.21), representing
a mean decline of 2.3 points (0.60 standard deviations)

per decade; random-effect variances were 8.82 in intercept,
1.52 in practice effect, and 0.04 in annual slope.

Differences by length of participation and baseline
cognitive functioning

Compared with those persons with only a baseline cog-
nition assessment, those with 2 cognition assessments had
a 1.30-point higher total cognition score at baseline (95%
CI: 0.81, 1.79). Participating in each additional assessment
was associated with a 0.72-point higher baseline score (95%
CI: 0.61, 0.84; P < 0.001) and a 1.61-point slower decline
per decade (95% CI: 1.16, 2.06; P < 0.001). We found no
association between number of assessments and practice
effect (P ¼ 0.4). Differences in recall score trajectory by
length of participation were similar (Figure 2).

People with imputed scores had total scores that were
4.25 points lower on average than predicted by their demo-
graphic and socioeconomic characteristics (95% CI: 3.89,
4.61; P < 0.001). This finding suggests that they would
have scored an average of 4.25 points on the missing test.

When we adjusted for length of participation, imputed
scores, and demographic and socioeconomic variables,

Table 1. Descriptive Baseline (1993) Demographic and

Socioeconomic Statistics for the Study Sample and the Rest of the

AHEAD Cohort

Study
Sample

(n 5 6,476)

Rest of the
AHEAD Cohort
(n 5 1,746)

P Value
for Test of
Differencea

Age, mean years 77.1 80.2 <0.001

Gender, % <0.001

Male 38.7 49.6

Female 61.3 50.4

Marital status, % <0.05

Married 51.8 56.6

Widow/widower 39.9 38.1

Separated/divorced 5.0 2.3

Never married 3.3 3.0

Ethnicity, % <0.001

Non-Hispanic white 88.2 80.1

Non-Hispanic black 7.6 10.4

Mexican Hispanic 1.7 4.4

Other Hispanic 1.4 2.1

Other 1.1 3.0

Educational level,
mean years

11.3 9.3 <0.001

Wealth, median US
dollars

96,000 50,500 <0.01

Annual income,
median US dollars

17,500 13,000 <0.01

Abbreviation: AHEAD, The Study of Assets and Health Dynamics

Among the Oldest Old.
a Tests of difference between groups: t test for age and education,

chi-square test for marital status and ethnicity, and rank sum test for

wealth and income. All tests were 2-sided.
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low performers at baseline had a practice effect for total
cognition score similar to that for those who performed
better at baseline (P ¼ 0.3). They also had similar slopes
for both total and recall scores (P ¼ 0.96 and P ¼ 0.3,
respectively), but they had a smaller practice effect for recall
score (0.67 points smaller, P < 0.001).

Demographic and socioeconomic predictors

Adjusted for length of participation, imputed scores,
baseline low performance, and each other, all baseline de-
mographic and socioeconomic variables and their changes
since baseline were independently associated with cognition
score trajectories (Tables 3 and 4). There was a significant
cohort effect, with older individuals scoring lower at base-

line and declining faster than younger individuals (more
negative slopes). Age at baseline did not influence the mag-
nitude of the practice effect (Tables 3 and 4). Women scored
higher than men at baseline, and the practice effect was
similar in the 2 groups, but total cognition score declined
faster over time (more negative slopes) among women than
among men, so that the gender difference diminished with
aging (Tables 3 and 4). Compared with non-Hispanic
whites, non-Hispanic blacks had lower baseline scores,
had similar practice effects, and experienced slower de-
clines (more positive slopes), so that the black-white differ-
ence diminished with aging. Mexican Americans also had
lower total cognition scores at baseline but had practice
effects and slopes similar to those of the majority ethnic
group (Tables 3 and 4). Marital status at baseline had no

Table 2. Descriptive Baseline (1993) Statistics for AHEAD Study Participants Who Had

Complete Follow-up (All 5 Cognitive Assessments) and for the Rest of the Study Sample

AHEAD Study Sample
With Complete

Follow-up
Data (n 5 2,353)

Rest of the AHEAD
Study Sample
(n 5 4,123)

P Value
for Test

of Differencea

Socioeconomic/demographic
variable

Age, mean years 74.9 78.5 <0.001

Gender, % 0.08

Male 36.6 40.0

Female 63.4 60.0

Marital status, % <0.001

Married 58.0 48.0

Widow/widower 34.7 43.1

Separated/divorced 4.8 5.1

Never married 2.5 3.8

Ethnicity, % <0.001

Non-Hispanic white 91.6 86.0

Non-Hispanic black 4.9 9.3

Mexican Hispanic 1.3 2.0

Other Hispanic 1.3 1.5

Other 0.8 1.2

Educational level, mean years 12.1 10.8 <0.001

Wealth, median US dollars 129,500 80,500 <0.001

Annual income, median
US dollars

21,500 15,250 <0.001

Mean cognition score (range)

Immediate recall (0–10) 5.3 4.2 <0.001

Delayed recall (0–10) 3.9 2.7 <0.001

Serial 7’s (0–5) 3.7 2.9 <0.001

Other mental status items (0–10) 9.5 8.7 <0.001

Total cognition score (0–35) 22.3 18.3 <0.001

Abbreviation: Abbreviation: AHEAD, The Study of Assets and Health Dynamics Among the

Oldest Old.
a Tests of difference between groups: t test for age, education, and cognition scores; chi-square

test for marital status and ethnicity; and rank sum test for wealth and income. All tests were

2-sided.
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independent association with baseline scores, but widowed
and never-married participants had larger practice effects
and faster declines than married participants did. Loss of
marital partner during the study did not have an independent
association with cognition scores (Tables 3 and 4).

SES was positively associated with baseline scores; in
fact, education, income, and wealth were each associated
with baseline scores, independent of each other and of other
demographic variables (Tables 3 and 4). There was clear
evidence for a dose response in every socioeconomic indi-
cator, with high-SES individuals performing better on aver-
age than middle-SES individuals, and middle-SES
individuals scoring better than low-SES individuals. Educa-
tion gradients in baseline scores were larger than either in-
come or wealth gradients. SES differences in baseline scores
were comparable in magnitude to differences by decades of
age (Tables 3 and 4). Despite these large SES differences in
baseline scores, we found no independent SES associations
with rates of cognitive decline (slopes), and there was only
one statistically significant SES association with practice
effect: Those with fewer than 8 years of education had
a larger practice effect than those with more education.
Additionally, those who experienced a decline of 15% or
more in household wealth during the study scored 0.23
points (95% CI: 0.04, 0.42; P ¼ 0.02) lower when they first
reported the decline and on subsequent testing (Table 3).
Increases in wealth and changes in annual household in-
come during the study period were not associated with
changes in cognition scores.

Because socioeconomic variables are highly correlated
with each other, we also examined the effect of education,
income, and wealth individually, without adjusting for the
other 2. SES associations were larger in these models, but

the pattern remained the same (Tables 5 and 6), with one
exception: Those individuals in the bottom quintile of in-
come declined less (more positive slope) than those in the
top quintile, so that the difference in cognition scores be-
tween income groups diminished over time. To study the
sensitivity of our findings to imputation of total cognition
scores, we reestimated the model after excluding individuals
with imputed scores. The pattern of associations with de-
mographic and socioeconomic variables did not change
(data not shown).

Because there was a clear education gradient in cognition
scores in the main-effects models (Tables 3–6), for the pur-
pose of interaction testing, we replaced categorical educa-
tion with a continuous education variable (years of
schooling) to simplify interpretation of education interac-
tions. Gender, marital status, and baseline low performance
did not modify the association between education and cog-
nition score slopes and practice effects. However, age and
race did modify the education association with cognition
score slopes. Thus, in the oldest age group (>89 years), each
additional year of schooling was associated with an addi-
tional 0.65-point decline per decade (95% CI: 0.13, 1.18;
P ¼ 0.01) in total cognition score. In addition, among non-
Mexican Hispanic Americans, each additional year of
schooling was associated with a 0.35-point lower decline
per decade (95% CI: 0.05, 0.65; P ¼ 0.02) in recall score.
We found no gender 3 marital status interaction.

DISCUSSION

Although there were large demographic and socioeco-
nomic differences in older Americans’ cognition scores,
we found few socioeconomic and demographic associations
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Figure 2. Predicted cognition score trajectories as a function of length of follow-up (1–5 visits; 0–9 years) among Study of Assets and Health
Dynamics Among the Oldest Old cohort participants.
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Table 3. Demographic and Socioeconomic Associationsa With Trajectories of Total Cognition Score for Older Americans

Contemporaneous Association
With Cognition Scoreb

Association With
Practice Effect

Association With Slope
(per Decade)

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Baseline (1993) socioeconomic/
demographic variable

Age, years

80–89 vs. 70–79 �2.04*** �2.31, �1.76 0.32 �0.04, 0.69 �1.45*** �2.18, �0.71

>89 vs. 70–79 �3.42*** �4.18, �2.66 0.85 �0.14, 1.85 �3.79** �6.23, �1.35

Gender (female vs. male) 0.40** 0.14, 0.66 0.23 �0.11, 0.57 �0.64* �1.25, �0.03

Marital status (vs. married)

Widow/widower 0.05 �0.26, 0.36 0.49* 0.10, 0.89 �0.79* �1.50, �0.08

Separated/divorced 0.19 �0.38, 0.76 0.28 �0.44, 1.00 0.71 �0.58, 2.00

Never married 0.33 �0.34, 1.01 0.99* 0.06, 1.91 �1.00 �2.82, 0.81

Ethnicity (vs. non-Hispanic white)

Non-Hispanic black �3.09*** �3.48, �2.70 0.06 �0.47, 0.60 1.63** 0.67, 2.60

Mexican Hispanic �1.24** �2.07, �0.40 0.73 �0.42, 1.87 �1.16 �3.02, 0.69

Non-Mexican Hispanic �0.75 �1.56, 0.05 �0.06 �1.28, 1.15 �0.37 �2.31, 1.58

Other ethnic group �2.48*** �3.72, �1.25 1.98* 0.40, 3.56 0.61 �2.49, 3.72

Educational level, years

<8 vs. 12–14 �4.76*** �5.20, �4.32 1.35*** 0.75, 1.95 �0.28 �1.44, 0.87

8–11 vs. 12–14 �2.00*** �2.31, �1.69 0.31 �0.08, 0.71 0.36 �0.34, 1.06

>14 vs. 12–14 0.99*** 0.63, 1.36 �0.22 �0.65, 0.21 0.10 �0.66, 0.85

Wealth at baseline, percentile

<20th vs. >80th �0.96*** �1.43, �0.49 0.38 �0.30, 1.07 �0.70 �1.96, 0.55

21st–50th vs. >80th �0.31 �0.70, 0.07 �0.03 �0.56, 0.50 �0.63 �1.54, 0.28

51st–80th vs. >80th �0.03 �0.37, 0.32 �0.24 �0.68, 0.19 �0.21 �0.94, 0.51

Annual income at baseline, percentile

<20th vs. >80th �1.40*** �1.96, �0.84 �0.44 �1.18, 0.30 1.30 �0.01, 2.61

21st–50th vs. >80th �0.60** �1.02, �0.17 0.16 �0.40, 0.72 �0.29 �1.23, 0.64

51st–80th vs. >80th �0.13 �0.50, 0.23 0.03 �0.44, 0.51 �0.18 �0.97, 0.61

Change in socioeconomic/
demographic variable

Change in annual incomec

Income increasing 0.06 �0.11, 0.22

Income decreasing �0.13 �0.30, 0.04

Change in wealthc

Wealth increasing 0.03 �0.15, 0.22

Wealth decreasing �0.23* �0.42, -0.04

Change in marital statusd

Lost a partner 0.23 �0.06, 0.52

Pseudo-R2e 0.53 0.23 0.19

Abbreviations: AHEAD, The Study of Assets and Health Dynamics Among the Oldest Old; CI, confidence interval.

* P < 0.05; **P < 0.01; ***P < 0.001. All tests were 2-sided.
a All associations were adjusted for other predictors in this table, survivorship, imputation of partially completed cognition tests, and baseline

cognitive impairment; refer to the Materials and Methods section of the text for more information.
b For baseline predictors, the association is with baseline cognition score; for change variables, the association is with cognition score at and

after the time of the predictor change.
c Change of at least 15% since baseline visit; reference group: no change or change less than 15%.
d Change since baseline in marital status; reference group: no change or gained a partner.
e Proportion of variance in random intercept, random practice effect, and random slope explained by predictors.
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Table 4. Demographic and Socioeconomic Associationsa With Trajectories of Recall Score for Older Americans

Contemporaneous Association
With Recall Scoreb

Association With
Practice Effect

Association With Slope
(per Decade)

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Baseline socioeconomic/
demographic variable

Age at baseline, years

80–89 vs. 70–79 �1.47*** �1.67, �1.27 0.17 �0.12, 0.46 �0.49 �0.99, 0.01

>89 vs. 70–79 �2.44*** �2.92, �1.96 0.74 �0.06, 1.54 �2.01** �3.48, �0.54

Gender (female vs. male) 0.90*** 070, 1.09 0.09 �0.20, 0.37 0.12 �0.33, 0.58

Marital status (vs. married)

Widow/widower �0.03 �0.26, 0.20 0.39* 0.07, 0.71 �0.64* �1.15, �0.13

Separated/divorced 0.08 �0.34, 0.49 �0.01 �0.59, 0.57 0.62 �0.33, 1.56

Never married �0.06 �0.57, 0.44 0.97* 0.22, 1.73 �1.42* �2.58, �0.27

Ethnicity (vs. non-Hispanic white)

Non-Hispanic black �1.16*** �1.43, �0.90 0.11 �0.31, 0.53 1.03** 0.37, 1.70

Mexican Hispanic �0.48 �1.01, 0.05 �0.07 �0.86, 0.73 0.07 �1.16, 1.29

Non-Mexican Hispanic �0.15 �0.71, 0.40 0.03 �0.82, 0.88 �0.80 �2.03, 0.42

Other ethnic group �1.17** �1.97, �0.37 1.41* 0.12, 2.70 0.06 �2.47, 2.59

Educational level, years

<8 vs. 12–14 �1.98*** �2.28, �1.69 0.28 �0.18, 0.73 0.31 �0.45, 1.07

8–11 vs. 12–14 �1.10*** �1.33, �0.88 0.08 �0.25, 0.40 0.41 �0.11, 0.93

>14 vs. 12–14 0.60*** 0.31, 0.88 �0.01 �0.39, 0.36 �0.12 �0.71, 0.47

Wealth at baseline, percentile

<20th vs. >80th �0.50** �0.86, �0.14 0.21 �0.37, 0.79 �0.45 �1.38, 0.48

21st–50th vs. >80th �0.18 �0.48, 0.13 0.02 �0.44, 0.47 �0.46 �1.18, 0.26

51st–80th vs. >80th �0.01 �0.28, 0.26 �0.22 �0.59, 0.15 �0.13 �0.68, 0.42

Annual income at
baseline, percentile

<20th vs. >80th �0.76** �1.19, �0.33 �0.29 �0.92, 0.34 0.91 �0.06, 1.87

21st–50th vs. >80th �0.40 �0.72, �0.07 0.21 �0.27, 0.69 �0.16 �0.87, 0.56

51st–80th vs. >80th �0.12 �0.40, 0.15 0.01 �0.40, 0.42 �0.07 �0.68, 0.55

Change in socioeconomic/
demographic variable

Change in annual incomec

Income increasing 0.06 �0.07, 0.19

Income decreasing �0.08 �0.22, 0.06

Change in wealthc

Wealth increasing �0.00 �0.14, 0.15

Wealth decreasing �0.14 �0.29, 0.01

Change in marital statusd

Lost a partner 0.17 �0.04, 0.39

Pseudo-R2e 0.41 0.00 0.12

Abbreviations: AHEAD, The Study of Assets and Health Dynamics Among the Oldest Old; CI, confidence interval.

* P < 0.05; **P < 0.01; ***P < 0.001. All tests were 2-sided.
a All associations were adjusted for other predictors in this table, survivorship, and baseline cognitive impairment, as described in the text.
b For baseline predictors, the association is with baseline cognition score; for change variables, the association is with cognition score at and

after the time of the predictor change.
c Change of at least 15% since baseline visit; reference group: no change or change less than 15%.
d Change since baseline in marital status; reference group: no change or gained a partner.
e Proportion of variance in random intercept, random practice effect, and random slope explained by all predictors.
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with their rates of cognitive decline over a 9-year period.
Cognitive decline was faster in older cohorts, women, the
widowed, and never-married individuals but was slower in
non-Hispanic black Americans. However, at first assessment
(mean age, 77.1 years), women had higher scores than men,
and non-Hispanic black Americans had lower scores than
non-Hispanic white Americans; thus, the gender and ethnic
gaps in cognitive performance seen in the eighth decade
diminished with further aging. This convergence of trajec-
tories might explain why some previous studies have found
gender and ethnic differences in cognitive performance (12,
13), while others have not (15, 44). Our findings are consis-
tent with previous studies that have documented less cogni-
tive decline in non-Hispanic black Americans (45, 46) and
faster decline in older cohorts (13, 15, 30).

Higher SES bestowed relatively large advantages in cog-
nition scores at the first assessment, so that high-SES adults
aged 90 years or older performed as well as low-SES indi-
viduals aged 70–79 years; yet, SES appeared to have limited
influence on rates of cognitive decline. Differences in
learned test-taking strategies (47), comfort with testing staff,
and cultural relevance of test items (48) can explain some of

the SES and race/ethnicity differences in baseline test
scores.

It has been speculated that higher education also has
direct effects on brain structure (e.g., increase in synapses),
which slows cognitive decline (47, 49, 50), and that greater
psychosocial stress in lower-SES and minority ethnic com-
munities, operating through glucocorticoid pathways, in-
creases neuron loss (51). However, we did not find more
rapid cognitive declines in these groups. Instead, the initial
disadvantage for blacks and the lowest income group was
partly offset by less rapid declines in both. Studies that
have found otherwise may have been confounded by ceil-
ing effects that mask declines in high performers (14, 52).
Other potential confounders include 1) practice effect,
which is larger in the better educated and reduces their
apparent rate of decline (14, 52–55); and 2) differential
dropout (14, 56). Dropout is often due to death, poor
health, or severe cognitive impairment, and cognitive de-
cline accelerates before these conditions (15, 56, 57) and
therefore before dropout occurs (58, 59). In our study, we
attempted to account for these sources of bias by using an
instrument sensitive to early changes in cognitive

Table 5. Adjusted Socioeconomic Associations, Isolated From Each Other: Total Cognition Scorea

Contemporaneous Association
With Cognition Scoreb

Association With
Practice Effect

Association With Slope
(per Decade)

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Educational level, years

<8 vs. 12–14 �5.32*** �5.74, �4.89 1.23*** 0.69, 1.77 0.06 �1.01, 1.13

8–11 vs. 12–14 �2.27*** �2.56, �1.97 0.31 �0.06, 0.68 0.36 �0.31, 1.02

>14 vs. 12–14 1.21*** 0.87, 1.55 �0.22 �0.63, 0.18 0.20 �0.51, 0.91

Wealth

Baseline wealth, percentile

�20th vs. >80th �2.98*** �3.44, �2.52 0.65* 0.03, 1.27 �0.32 �1.46, 0.81

21st–50th vs. >80th �1.82*** �2.17, �1.46 0.20 �0.25, 0.65 �0.50 �1.28, 0.29

51st–80th vs. >80th �0.65*** �0.98, �0.32 �0.12 �0.51, 0.28 �0.25 �0.92, 0.42

Change in wealthc

Wealth increasing 0.08 �0.10, 0.26

Wealth decreasing �0.24* �0.44, �0.05

Annual income

Baseline income, percentile

�20th vs. >80th �3.90*** �4.42, �3.38 �0.02 �0.63, 0.60 1.12* 0.05, 2.20

21st–50th vs. >80th �2.16*** �2.55, �1.78 0.38 �0.08, 0.84 �0.48 �1.24, 0.29

51st–80th vs. >80th �0.85*** �1.20, �0.51 0.11 �0.31, 0.52 �0.34 �1.03, 0.35

Change in incomec

Income increasing 0.16* 0.01, 0.32

Income decreasing �0.14 �0.30, 0.03

Abbreviation: CI, confidence interval.

* P < 0.05; **P < 0.01; ***P < 0.001. All tests were 2-sided.
a All associations were adjusted for age, gender, ethnicity, marital status, change in marital status, survivorship, imputation of partially completed

cognition tests, and baseline cognitive impairment, but not adjusted for other socioeconomic status (SES) variables (baseline or change).
b For baseline SES, the association is with baseline cognition score; for change variables, the association is with cognition score at and after the

time of the predictor change.
c Change of at least 15% vs. smaller or no change, adjusted for baseline value.
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functioning (60), using data from 5 waves of testing, ex-
plicitly modeling the practice effect, and adjusting for
length of follow-up. Our findings are consistent with other
studies with multiple waves of testing that have not found
an association between SES and rate of cognitive decline in
older adults (2, 12, 14, 15, 54, 61, 62).

The lack of an association between SES and rate of cog-
nitive decline does not contradict the repeatedly demon-
strated strong associations between SES and the incidence
of dementia. Instead, our findings suggest that because low-
SES adults start from a lower level of cognitive functioning
than their high-SES peers but decline at the same rate, they
are likely to reach levels that meet dementia criteria earlier,
consistent with the brain reserve hypothesis (49, 50, 63) and
with studies that found premorbid cognitive functioning to
be a better predictor of dementia incidence than educational
level (64).

The most consistent predictors of faster declines in cogni-
tive functioning were being old and being single. Previous
studies have also found that cognitive decline accelerates in
later decades (13, 15, 16, 30, 54, 58, 65, 66) and is faster in
never-married and widowed older adults (67), which may be

related to less social support (68). Those in the bottom quar-
tile of cognition scores at baseline did not decline any faster
than others. Some previous studies have also not found faster
declines in low performers (69, 70), but others have (71, 72);
differential dropout may explain differences between studies.

Our findings are consistent with previous analyses of
AHEAD data that reported similar ethnic differences before
controlling for SES (46) and found no education association
with cognition change scores (73), but they are in contrast to
2 previous AHEAD analyses that reported education asso-
ciations with cognitive decline (74, 75). However, these
studies did not separate cross-sectional (between-person)
age differences in baseline cognition scores from longitudi-
nal (within-person) declines in cognitive function with
aging.

Some potential limitations of this study need to be
noted. Although we found few socioeconomic associa-
tions with rate of decline in the AHEAD total cognition
score, such associations might exist with cognition do-
mains not tested. Secondly, although the AHEAD cogni-
tion tests avoid ceiling effects and detect early change,
they may be susceptible to floor effects. However, except

Table 6. Adjusted Socioeconomic Associations, Isolated From Each Other: Recall Scorea

Contemporaneous Association
With Recall Scoreb

Association With
Practice Effect

Association With Slope
(per Decade)

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Educational level, years

<8 vs. 12–14 �2.27*** �2.56, �1.99 0.25 �0.17, 0.66 0.58 �0.12, 1.28

8–11 vs. 12–14 �1.25*** �1.47, �1.03 0.07 �0.24, 0.38 0.42 �0.07, 0.92

>14 vs. 12–14 0.73*** 0.47, 0.99 �0.03 �0.38, 0.32 �0.06 �0.62, 0.49

Wealth

Baseline wealth, percentile

�20th vs. >80th �1.53*** �1.86, �1.20 0.26 �0.26, 0.77 �0.02 �0.85, 0.81

21st–50th vs. >80th �0.98*** �1.25, �0.71 0.06 �0.32, 0.44 �0.21 �0.82, 0.40

51st–80th vs. >80th �0.37** �0.62, -0.12 �0.17 �0.51, 0.16 �0.07 �0.58, 0.44

Change in wealthc

Wealth increasing 0.03 �0.11, 0.17

Wealth decreasing �0.15* �0.30, �0.01

Annual income

Baseline income, percentile

�20th vs. >80th �2.01*** �2.39, -1.63 �0.23 �0.75, 0.27 1.04** 0.26, 1.81

21st–50th vs. >80th �1.21*** �1.49, �0.92 0.21 �0.18, 0.59 �0.13 �0.70, 0.44

51st–80th vs. >80th �0.52*** �0.77, �0.26 �0.02 �0.37, 0.34 �0.09 �0.63, 0.45

Change in incomec

Income increasing 0.12* 0.00, 0.25

Income decreasing �0.09 �0.23, 0.04

Abbreviation: CI, confidence interval.

* P < 0.05; **P < 0.01; ***P < 0.001. All tests were 2-sided.
a All associations were adjusted for age, gender, ethnicity, marital status, change in marital status, survivorship, imputation of partially completed

cognition tests, and baseline cognitive impairment, but not adjusted for other socioeconomic status (SES) variables (baseline or change).
b For baseline SES, the association is with baseline cognition score; for change variables, the association is with cognition score at and after the

time of the predictor change.
c Change of at least 15% vs. smaller or no change, adjusted for baseline value.
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for a smaller practice effect for recall, the trajectories of
those in the bottom quartile of baseline cognition scores
were similar to those in the rest of the cohort, suggesting
that floor effects were not significant in our study. In ad-
dition, older cohorts, who performed poorer than more
recent cohorts at baseline, also declined faster, suggesting
that the test was sensitive to declines even in low perform-
ers. Thirdly, there was greater loss to follow-up in low
socioeconomic strata and in low-functioning individuals.
We attempted to minimize bias from such differential at-
trition by controlling for length of study participation.
Also note that the Telephone Interview for Cognitive Sta-
tus is not sufficient for diagnosing dementia; thus, direct
conclusions cannot be drawn regarding dementia inci-
dence. Lastly, our findings were not controlled for phys-
ical health because of the possibility that poor health
might mediate some of the socioeconomic and demo-
graphic associations with cognitive function.

The study’s limitations are outweighed by its strengths,
which include the size and diversity of the AHEAD sample,
the sensitivity of the test measure to early change, the mod-
eling of practice effects, and control for differential lengths
of follow-up. In conclusion, in this large, nationally repre-
sentative study, age and marital status, but not SES, were
associated with rates of cognitive decline. We submit that
the risk of dementia in late life depends more on the peak
level of cognitive functioning achieved earlier in the life
course than on socioeconomic conditions in the later years
of life. Decreasing socioeconomic and ethnic disparities
in the risk of dementia may therefore require increased em-
phasis on reducing educational and health disparities at
younger ages.
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