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Abstract

We compared trajectories of terminal cognitive decline in older Black (n= 3,372) and White 

(n=1,756) persons from a defined population who completed tests of episodic memory and 

perceptual speed at 3-year intervals for up to 18 years. During a mean of 9.9 years of observation, 

1,608 Black persons and 902 White persons died. Preterminal decline of episodic memory did not 

differ by race. Terminal episodic memory decline began earlier in Black persons (mean of 4.3 

years before death) than White persons (mean=3.9 years) and progressed more slowly. By 

contrast, terminal decline of perceptual speed began earlier in White persons (mean=5.0 years) 

than Black persons (mean=4.5 years). Rate of perceptual speed decline was more rapid in White 

persons than Black persons in both the preterminal and terminal periods. The results indicate that 

terminal cognitive decline occurs in Black persons but suggest that the rate of cognitive decline 

during the terminal period is less rapid in Black persons than White persons.
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Introduction

The aging of the U.S. population has underscored the need to better understand the factors 

influencing the cognitive health of older persons. Because the elderly population is projected 

to become increasingly diverse in the next few decades, it is also important to determine 

whether the factors affecting cognition vary across racial or ethnic subgroups.
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Much of late-life cognitive decline is more strongly associated with impending mortality 

than advancing age. That is, many older persons experience little or no decline until the last 

few years of life when cognition declines rapidly for a variable period lasting about 3 to 8 

years in most studies (Wilson, Beckett, Bienias, Evans, & Bennett, 2003; Sliwinski et al., 

2006; Laukka, MacDonald, & Backman, 2006; Thorvaldsson et al., 2008; Muniz-Terrera et 

al., 2011; Wilson, Segawa, Hizel, Boyle, & Bennett, 2012; Muniz-Terrera et al., 2013). 

Dementia related pathologies such as neurofibrillary tangles and Lewy bodies are related to 

cognitive decline during the last few years of life, but substantial terminal cognitive decline 

is evident after controlling for common neurodegenerative and cerebrovascular pathologies 

(Wilson, Leurgans, Boyle, Schneider, & Bennett, 2010; Boyle et al., 2013; Wilson, Capuano, 

Bennett, Schneider, & Boyle, 2016). This supports the idea that mortality related factors 

have an association with late-life cognitive functioning that is at least partly independent of 

the pathologic processes traditionally linked to mild cognitive impairment and dementia in 

old age.

Although several longitudinal studies have compared trajectories of cognitive aging in older 

Black and White persons (Sloan & Wang, 2006; Karlamangla et al., 2009; Marsiske et al., 

2013; Castora-Binkley, Peronto, Edwards, & Small, 2013; Early et al., 2013; Wilson, 

Capuano, Sytsma, Bennett, & Barnes, 2015), current knowledge about terminal changes in 

cognitive function is based almost entirely on research with White persons. Given the strong 

association between impending death and cognition, this represents a substantial gap in our 

understanding of late-life cognitive health in racial and ethnic minorities.

In the present study, we examined terminal changes in cognitive function in older Black and 

White residents of a geographically defined urban community. At 3-year intervals for up to 

18 years, the study participants completed brief cognitive performance tests. Because 

previous research has suggested variability in trajectories of terminal decline across domains 

of cognition (Thorvaldsson et al., 2008; Batterham, Mackinnon, & Christensen, 2011; 

Wilson, Segawa, et al., 2012), analyses were based on previously established measures of 

episodic memory and perceptual speed. We used mixed-effects change point models to 

identify the onset of the terminal period and rate of cognitive change preceding and during 

the terminal period in each individual and to test for racial differences in these parameters.

Methods

Participants

Analyses are based on persons participating in the Chicago Health and Aging Project, a 

longitudinal population-based cohort study (Bienias, Beckett, Bennett, Wilson, & Evans, 

2003). A geographically defined region in Chicago was censused from October 1993 to 

April 1997 and persons over the age of 65 were invited to participate in an in-home 

interview that included assessment of cognitive function. The interview was repeated at 

approximately 3-year intervals for 18 years.

Because analyses focused on nonlinear change in cognitive function, eligibility was 

restricted to those who had completed at least 3 triennial cognitive assessments. Of 10,802 

study participants, 5,128 completed at least 3 interviews and analyses are based on this 
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group. In comparison to the 5,674 who were ineligible, the eligible group included more 

Black persons (65.8% vs 60.6%, χ2 [1]=30.6, p<0.001) and women (63.2% vs 60.0%, χ2 

[1]=12.1, p<0.001), and they were younger at baseline (71.4 vs 75.1, t[10,0340=28.9, 

p<0.001) and had higher levels of education, (12.5 vs 12.1, t[10,730=7.2, p<0.001), income 

(χ2 [2]=15.6, p<0.001), and global cognitive function (as assessed by the Mini-Mental State 

Examination: 27.1 vs 25.1, χ2 [1]=295.9, p<0.001). The ineligible group included 2,624 

persons who completed 2 interviews. This ineligible subgroup had a similar percentage of 

women as the eligible group (61.5 vs 63.2, χ2 [1] = 2.3, p=0.131) but fewer Black persons 

(61.3 vs 65.7, χ2 [1] = 14.5, p<0.001) and lower level of education (12.2 vs 12.5, t[7,740] = 

3.2, p=0.0014), higher level of income (χ2 [1] = 10.1, p=0.007), and lower Mini-Mental 

State Examination score (26.1 vs 27.1, (χ2 [1] = 59.9, p<0.001).

Assessment of Cognitive Function

As part of each triennial interview, cognitive function was assessed with 4 brief performance 

tests. The Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) was used to 

measure global cognition. Because of its skewed distribution, it was used for descriptive 

purposes but not in longitudinal analyses. Episodic memory was assessed with immediate 

and delayed (after approximately 3 minutes) recall of 12 ideas contained in the East Boston 

Story (Albert et al., 1991; Wilson et al., 2002). Perceptual speed, a component of executive 

function, was assessed with a modified version (Wilson et al., 2002) of the oral form of the 

Symbol Digit Modalities Test (Smith, 1982). A composite measure of episodic memory was 

constructed by converting immediate and delayed recall raw scores to z scores, using the 

baseline mean and standard deviation in the entire population, and then averaging the z 

scores, as previously described (Wilson, Hebert, et al., 2012; Wilson et al., 2014). The raw 

score on the Symbol Digit Modalities Test was also converted to a z score to make it more 

comparable to the composite measure of episodic memory. Further information on these 

tests and their use in assessing late-life cognitive change is published elsewhere (Wilson et 

al., 1999; Wilson, Hebert, et al., 2012; Wilson et al., 2014).

Ascertainment of Vital Status

Information about all-cause mortality was collected from several sources. Study staff often 

learned of a participant’s death and its date when attempting to schedule a follow-up 

interview. Staff also regularly scan area newspapers for obituaries and check websites such 

as www.ancestery.com. In addition, study personnel try to verify all deaths by acquiring 

death records from the National Death Index.

Statistical Analysis

Descriptive statistics were computed using means and standard deviations for continuous 

variables and percentages for categorical variables, and were stratified by race and death. We 

used a generalized linear model to test for differences in continuous and categorical 

measures with an indicator for race, an indicator for death, and a term for the interaction of 

race and death for the differential association of race with death.

To estimate the person-specific timing of change points in the cognitive measures before 

death, we used a Bayesian Monte Carlo Markov Chain approach (Gelman, Carlin, Stern, & 
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Rubin, 2003) with a single change point that allowed the rate of cognitive decline to 

accelerate after the change point and before death (Hall et al., 2001). These models used 

years before death as the time metric and provided estimates of 4 cognitive trajectory 

components: annual preterminal rate of cognitive change, change point, annual rate of 

terminal cognitive change, and level of cognition proximate to death. In addition, we used 

these 4 parameters to estimate the person-specific initial level of function in decedents, as 

previously described (Rajan et al., 2017).

For the Bayesian model, outcome measures were assumed to come from a normal 

distribution with the expected mean based on a linear function of fixed and random effects 

and unknown variance functions. The prior distribution for the inverse of the variance 

function was assumed to be from a gamma distribution with uninformative prior values. The 

person-specific intercepts, slopes, and change points were assumed to be from a multivariate 

normal distribution with hyperparameters for the inverse of the variance covariance matrix 

from a Wishart distribution. Two sets of initial values were used for the chains to estimate 

the mean and variance parameters to ensure convergence after the burning of the first 1000 

observations and thinning of every 10 observations.

In survivors, there was little decline evident on inspection of the raw data and little support 

for a change point in preliminary analyses. Therefore, in a separate linear mixed model with 

random coefficients for intercept and slope, we estimated the level of baseline cognition and 

annual change in cognition function among survivors, using years from baseline as the time 

metric.

Given the 3-year interval between cognitive assessments, we imputed annual cognitive 

function test scores using the change between two consecutive observed assessments from a 

Gaussian distribution with the mean centered on this estimated annual score and random 

variation based on the differences observed in the population estimates during those data 

collection periods. By decreasing the temporal interval between outcomes, the imputation 

enhanced the convergence of the change point model. Because there has been little prior 

research on racial differences in terminal cognitive decline, we opted to construct separate 

models for Black and White participants. The models included random effects for the 

intercept, slopes, and change point as well as fixed effects for age and education. The 

outcome of the initial analyses was a measure of episodic memory. Analyses were then 

repeated with a measure of perceptual speed. The models were implemented in Open Bugs 

software (Lunn, Spiegelhalter, Thomas, & Best, 2009). We repeated each model twice, first 

including the 2,624 individuals who had completed 2 interviews and second in the primary 

analytic group but adding a time varying indicator for time to death.

Results

Table 1 shows the mean and standard deviation of each cognitive outcome measure at each 

wave of data collection in the 5,128 eligible participants. During a mean of 9.9 years of 

follow-up (SD=3.5), there were 2,510 deaths, including 1608 Black persons and 902 White 

persons (Table 2). At baseline, Black persons were younger than White persons and had 

lower levels of education and cognitive function. Mortality was related to older age at 
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baseline and this association was stronger for White persons than Black persons. Mortality 

was also related to lower levels of education and cognition and these associations were 

marginally stronger for Black persons than White persons. Survivors had slightly more 

follow-up than decedents, but there were no racial differences in this regard.

Terminal Decline of Episodic Memory

To characterize change in the composite measure of episodic memory, we constructed a 

mixed-effects model that allowed rate of decline to accelerate at some variable point in the 

subgroup that died (Table 3). Among survivors, White persons had a higher baseline level of 

episodic memory function than Black persons, as shown by the estimate of the intercepts in 

Table 3. Rate of memory decline was modest in both Black and White survivors with a 

marginally slower rate in White survivors compared to Black survivors.

Those who died had a lower initial level of memory function than survivors. Rate of 

preterminal memory decline was similar in Black and White persons. At a mean of 4.32 

years before death, there was a nearly tenfold increase in the mean rate of memory decline in 

the Black subgroup. Terminal memory decline in the White subgroup began slightly later 

(mean of 3.88 years before death) and proceeded at a slightly more rapid rate. Table 4 shows 

the model estimates of the correlations among cognitive trajectory components in deceased 

Black and White persons.

Figure 1 shows that there was considerable variability in the onset and rate of terminal 

episodic memory decline with approximately normal distributions of these parameters in 

each racial group. However, as shown in Figure 2, terminal decline in episodic memory in a 

typical Black participant (green dashed line) began nearly one half of a year earlier than in a 

typical White participant (blue dashed line) and progressed less rapidly.

Terminal Decline of Perceptual Speed

We constructed an identical change point model to characterize change in perceptual speed 

(Table 5). White survivors had a higher initial level of perceptual speed than Black survivors, 

but there were no racial differences in perceptual speed decline among survivors.

Among those who died, the initial level of perceptual speed was higher in White persons 

than Black persons. Preterminal decline in perceptual speed was slightly more rapid in 

White persons than Black persons. As shown in Figure 3, the onset and rate of terminal 

decline in perceptual speed were approximately normally distributed in each racial group. 

Terminal decline in perceptual speed began earlier and progressed more rapidly in White 

persons compared to Black persons.

As shown in the right side of Figure 2, terminal decline in perceptual speed began more than 

one half of a year later in a typical Black participant (green dashed line) than a typical White 

participant (blue dashed line). Figure 2 also shows that terminal decline in perceptual speed 

was much less precipitous in Black persons than White persons. Table 4 shows the 

correlations among cognitive trajectory components in deceased persons from each racial 

group.
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Sensitivity Analyses

We excluded 2,624 individuals who had completed 2 interviews. To evaluate the impact of 

these exclusions, we repeated analyses with this subgroup included. As shown in 

Supplemental Tables 1 and 2, the results of these analyses were similar to the results of the 

original analyses (Tables 3 and 5).

To account for within person changes as individuals got closer to death, we added an 

indicator for distance to death (Piccinin, Muniz, Matthews, & Johannsson, 2011). These 

analyses (Supplemental Tables 3 and 4) were also comparable to the original models (Tables 

3 and 5).

Discussion

We assessed episodic memory and perceptual speed at 3-year intervals in more than 5,000 

older Black and White residents of an urban community. After a mean of 9.9 years of 

follow-up, nearly half of the participants had died. Decline in each cognitive domain was 

gradual in each racial group until a mean of 3 to 5 years before death when the rate of 

decline in each domain increased more than 6-fold in each racial group. The findings 

demonstrate that terminal decline of cognitive function occurs in Black persons and accounts 

for much of late-life loss of cognition.

As previously noted, prior research on terminal decline in cognitive function has been 

primarily conducted on White persons. These studies have observed variability in the onset 

of terminal cognitive decline, with most suggesting a mean onset approximately 3 to 8 years 

before death (Wilson et al., 2003; Sliwinski et al., 2006; Wilson, Beck, Bienias, & Bennett, 

2007; Thorvaldsson et al., 2008; Batterham et al., 2011). Consistent with this research, we 

found that rate of decline in 2 cognitive domains accelerated a mean of 3 to 5 years prior to 

death in White persons. The current results extend previous research by demonstrating a 

similar accelerated decline in multiple cognitive domains beginning about 4 to 5 years 

before death in older Black persons, suggesting that the phenomenon of terminal cognitive 

decline at least partly generalizes across racial groups.

Although there were racial differences in the onset of terminal decline, these differences 

were not consistent across cognitive domains. Thus, on average terminal decline of episodic 

memory began about half of a year earlier in Black persons than White persons whereas 

terminal decline of perceptual speed began about half of a year later in Black persons than 

White persons. In both cognitive domains, the rate of terminal decline was less rapid in 

Black persons than White persons. The racial differences in terminal decline of episodic 

memory were relatively small. However, the racial differences in terminal decline of 

perceptual speed were so large that the racial groups were performing at approximately the 

same level proximate to death despite a substantially higher baseline level of performance in 

the White group compared to the Black group.

Why terminal cognitive decline was slower in Black persons than White persons in 

uncertain. It is possible that pre-existing racial differences in level of cognitive function 

contributed to the finding. Model estimates of initial level of function (i.e., intercept) were 
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correlated with estimates of the rate of terminal cognitive decline in both Black and White 

persons (Table 4). However, these correlations were stronger in White persons than Black 

persons, and there were not clear racial differences in rates of preterminal cognitive change 

despite robust correlations between the intercept and preterminal rate of change in both 

Black and White persons, making this explanation less likely. Another possibility is that 

floor artifacts limited our ability to assess rapid rates of terminal decline in the Black 

subgroup, but Figures 1 and 3 do not suggest racial differences in the distribution of 

estimated slopes during the terminal period. Further research on terminal cognitive decline 

in racial and ethnic minorities is needed.

In both racial groups, the mean onset of terminal decline of perceptual speed preceded the 

mean onset of terminal decline in episodic memory. This observation is consistent with two 

previous studies of predominantly White persons (Batterham et al., 2011; Wilson, Segawa, 

et al., 2012). It suggests that perceptual speed and perhaps other components of executive 

functioning are especially sensitive to the changes in the brain underlying terminal cognitive 

decline. In this cohort, Black persons experienced less preterminal decline in perceptual 

speed than White persons, which is consistent with previous cognitive aging studies (Early 

et al., 2013; Wilson, Capuano, Sytsma, Bennett & Barnes, 2015). This suggests that Black 

persons may have begun the terminal period with a relatively healthier perceptual speed 

system which provided some protection against the changes in the brain driving terminal 

cognitive decline. It is noteworthy that higher level of conscientiousness is also associated 

with better executive functioning (Ackerman & Heggestad, 1997; Booth, Schinka, Brown, 

Mortimer, & Borenstein, 2006; Wilson, Schneider, Arnold, Bienias, & Bennett, 2007) and 

with reduced terminal cognitive decline (Wilson, Boyle, et al., 2015). This suggests that 

individual differences in preterminal brain structure and function influence how terminal 

changes in the brain are behaviorally expressed.

The present study has notable strengths and limitations. Analyses are based on a large group 

of older persons sampled from a geographically defined area, making it more likely that the 

racial subgroups are comparable. In addition, multiple cognitive domains were assessed at 

regular intervals for a mean of nearly 10 years, enhancing our ability to reliably characterize 

nonlinear trajectories of cognitive decline. The primary limitation is that the interval of 3 

years between cognitive assessments is relatively long which may have affected the accuracy 

of the estimates of terminal decline onset though the use of imputed annual scores may have 

lessened this problem. The time metric was years before death in the deceased and years 

from baseline in survivors, but we have previously shown that these metrics yield equivalent 

estimates of rate of cognitive change (Boyle et al., 2013).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding

Wilson et al. Page 7

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



This work was supported by the National Institutes of Health (R01AG11101, P30AG10161, RF1AF22018). The 
funding organization had no role in the design or conduct of the study; collection, management, analysis, or 
interpretation of the data; or preparation, review, or approval of the manuscript.

The authors thank the residents of Morgan Park, Washington Heights, and Beverly who participated in the study; 
Ann Marie Lane for community development and oversight of project coordination; Michele Bos, Holly Hadden, 
Flavio LaMorticella, and Jennifer Tarpey for coordination of the study; Todd Beck for analytic programming; and 
the staff of the Rush Institute for Healthy Aging.

References

Ackerman PL, Heggestad ED. Intelligence, personality, and interests: evidence for overlapping traits. 
Psychological Bulletin. 1997; 12:219–245.

Albert M, Smith LA, Scherr PA, Taylor JO, Evans DA, Funkenstein HH. Use of brief cognitive tests to 
identify individuals in the community with clinically diagnosed Alzheimer’s disease. International 
Journal of Neuroscience. 1991; 57:167–178. [PubMed: 1938160] 

Batterham PJ, Mackinnon AJ, Christensen H. The effect of education on the onset and rate of terminal 
decline. Psychology and Aging. 2011; 26:339–350. [PubMed: 21480720] 

Bienias JL, Beckett LA, Bennett DA, Wilson RS, Evans DA. Design of the Chicago Health and Aging 
Project. Journal of Alzheimer’s Disease. 2003; 5:349–355.

Booth JE, Schinka JA, Brown LM, Mortimer JA, Borenstein AR. Five-factor personality dimensions, 
mood states, and cognitive performance in older adults. Journal of Clinical and Experimental 
Neuropsychology. 2006; 28:676–683. [PubMed: 16723316] 

Boyle PA, Wilson RS, Yu L, Barr AM, Honer WG, Schneider JA, Bennett DA. Much of late life 
cognitive decline is not due to common neurodegenerative pathologies. Ann Neurol. 2013; 74:478–
489. [PubMed: 23798485] 

Castora-Binkley M, Peronto CL, Edwards JD, Small BJ. A longitudinal analysis of the influence of 
race on cognitive performance. Journals of Gerontology, Series B: Psychological Sciences and 
Social Sciences. 2015; 70:512–518.

Early DR, Widaman KF, Harvey D, Beckett L, Park LQ, Farias ST, Reed BR, DeCarli C, Mungas D. 
Demographic predictors of cognitive decline in ethnically diverse older persons. Psychology and 
Aging. 2013; 28:633–645. [PubMed: 23437898] 

Folstein MF, Folstein SE, McHugh PR. Mini-mental state. Apractical method for grading the cognitive 
state of patients for the clinician. Journal of Psychiatric Research. 1975; 12:189–198. [PubMed: 
1202204] 

Gelman, A., Carli, JB., Stern, HS., Rubin, DB. Bayesian data analysis. Vol. 2004. New York: Chapman 
and Hall; 2004. 

Hall CB, Ying J, Juo L, Sliwinski M, Buschke H, Katz M, Lipton RB. Estimation of bivariate 
measurements having different change points, with application to cognitive ageing. Statistics in 
Medicine. 2001; 20:3695–3714. [PubMed: 11782027] 

Karlamangla AS, Miller-Martinez D, Aneshensel CS, Seeman TE, Wight RG, Chodosh J. Trajectories 
of cognitive function in late life in the United States: demographic and socioeconomic predictors. 
American Journal of Epidemiology. 2009; 170:331–342. [PubMed: 19605514] 

Laukka EJ, MacDonald SWS, Backman L. Contrasting cognitive trajectories of impending death and 
preclinical dementia in the very old. Neurology. 2006; 66:833–838. [PubMed: 16567699] 

Lunn D, Spiegelhalter D, Thomas A, Best N. The BUGS project: evolution, critique and future 
directions (with discussion). Statistics in Medicine. 2009; 2:3049–3082.

Marsiske M, Dzierzewski JM, Thomas KR, Kasten L, Jones RN, Johnson KE, Willis SL, Whitfield 
KE, Ball KK, Rebok GW. Race-related disparities in 5-year cognitive level and change in 
untrained Active participants. Journal of Aging and Health. 2013; 85:1035–1275.

Muniz-Terrera G, Matthews FE, Stephan B, Brayne C. CC75C Collaboration Group. Are terminal 
decline and its potential indicators detectable in population studies of the oldest old? International 
Journal of Geriatric Psychiatry. 2011; 26:584–592. [PubMed: 21480375] 

Wilson et al. Page 8

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Muniz-Terrera G, van den Hout A, Piccinin AM, Matthews FE, Hofer SM. Investigating terminal 
decline: results from a UK population-based study of aging. Psychology and Aging. 2013; 28:377–
385. [PubMed: 23276221] 

Piccinin AM, Muniz G, Matthews FE, Johansson B. Terminal decline from within-and between-person 
perspectives, accounting for incident dementia. Journals of Gerontology, Series B: Psychological 
sciences and Social Sciences. 2011; 66:391–401.

Rajan KB, Wilson RS, Barnes LL, Aggarwal NT, Weuve J, Evans DA. A cognitive turning point in 
development of clinical Alzheimer’s disease dementia and mild cognitive impairment: a biracial 
population study. Journals of Gerontology, Series A: Biological Sciences and Medical Sciences. 
2017 Jan 1. pii:glw246. doi: 10.1093/gerona/glw246

Sliwinski MJ, Stawski RS, Hall CB, Katz M, Verghese J, Lipton RB. Distinguishing preterminal and 
terminal cognitive decline. European Psychologist. 2006; 11:172–181.

Sloan FA, Wang J. Disparities among older adults in measures of cognitive function by race or 
ethnicity. Journals of Gerontology, Series B: Psychological Sciences and Social Sciences. 2005; 
60:242–250.

Smith, A. Symbol Digit Modalities Test manual-revised. Los Angeles: Western Psychological 
Services; 1982. 

Thorvaldsson V, Hofer SM, Berg S, Skoog I, Sacuiu S, Johansson B. Onset of terminal decline in 
cognitive abilities in persons without dementia. Neurology. 2008; 71:882–887. [PubMed: 
18753475] 

Wilson RS, Beck TL, Bienias JL, Bennett DA. Terminal cognitive decline: accelerated loss of 
cognition in the last years of life. Psychosomatic Medicine. 2007; 69:131–137. [PubMed: 
17327212] 

Wilson RS, Beckett LA, Barnes LL, Schneider JA, Bach J, Evans DA, Bennett DA. Individual 
differences in rates of change in cognitive abilities of older persons. Psychology and Aging. 2002; 
17:179–193. [PubMed: 12061405] 

Wilson RS, Beckett LA, Bienias JL, Evans DA, Bennett DA. Terminal decline in cognitive function. 
Neurology. 2003; 60:1782–1787. [PubMed: 12796531] 

Wilson RS, Bennett DA, Beckett LA, Morris MC, Gilley DW, Bienias JL, Scherr PA, Evans DA. 
Cognitive activity in older persons from a geographically defined community. Journal of 
Gerontology: Psychological Sciences. 1999; 54:P155–P160.

Wilson RS, Boyle PA, Yu L, Segawa E, Sytsma J, Bennett DA. Conscientiousness, dementia related 
pathology, and trajectories of cognitive aging. Psychology and Aging. 2015; 30:74–82. [PubMed: 
25664558] 

Wilson RS, Capuano AW, Sytsma J, Bennett DA, Barnes LL. Cognitive aging in older Black and 
White persons. Psychology and Aging. 2015; 30:279–285. [PubMed: 25961876] 

Wilson RS, Capuano AW, Bennett DA, Schneider JA, Boyle PA. Temporal course of neurodegenerative 
effects on cognition in old age. Neuropsychology. 2016; 30:591–599. [PubMed: 27111293] 

Wilson RS, Hebert LE, Scherr PA, Dong X, Leurgans SE, Evans DA. Cognitive decline after 
hospitalization in a community population of older persons. Neurology. 2012; 78:950–956. 
[PubMed: 22442434] 

Wilson RS, Leurgans SE, Boyle PA, Schneider JA, Bennett DA. Neurodegenerative basis of age-
related cognitive decline. Neurology. 2010; 75:1070–1078. [PubMed: 20844243] 

Wilson RS, Rajan KB, Barnes LL, Hebert LE, Mendes de Leon CF, Evans DA. Cognitive aging and 
rate of hospitalization in an urban population of older people. Journals of Gerontology, Series A: 
Biological Sciences and Medical Sciences. 2014; 69:447–454.

Wilson RS, Schneider JA, Arnold SE, Bienias JL, Bennett DA. Conscientiousness and the incidence of 
Alzheimer’s disease and mild cognitive impairment. Archives of General Psychiatry. 2007; 
64:1204–1212. [PubMed: 17909133] 

Wilson RS, Segawa E, Hizel LP, Boyle PA, Bennett DA. Terminal dedifferentiation of cognitive 
abilities. Neurology. 2012; 78:1116–1122. [PubMed: 22491858] 

Wilson et al. Page 9

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Distributions of the person-specific onsets (upper histograms) and slopes (lower histograms) 

of terminal decline in episodic memory in Black (histograms on left) and White (histograms 

on right) persons, from mixed-effects change point models adjusted for age and education.
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Figure 2. 
Person-specific 10-year trajectories of change in episodic memory (left) and perceptual 

speed (right) in typical Black (green line) and White (blue line) participants who survived 

(solid line) or died after 10 years of observation (dashed line), from mixed-effects change 

point models adjusted for age and education.
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Figure 3. 
Distributions of the person-specific onsets (upper histograms) and slopes (lower histograms) 

of terminal decline in perceptual speed in Black (histograms on left) and White (histograms 

on right) persons, from mixed-effects change point models adjusted for age and education.
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Table 4

Correlations between cognitive trajectory components in Black and White persons

Cognitive outcome Trajectory components Black persons Correlation White persons Correlation

Episodic memory intercept, preterminal slope .73 .71

intercept, change point .96 .95

intercept, terminal slope .18 .43

preterminal slope, change point .83 .81

preterminal slope, terminal slope .22 .09

change point, terminal slope .15 .20

Perceptual speed intercept, preterminal slope .47 .58

intercept, change point .70 .82

intercept, terminal slope .37 .59

preterminal slope, change point .79 .66

preterminal slope, terminal slope .46 .18

change point, terminal slope .68 .18

Note. From mixed-effects change point models adjusted for age and education. All p<.01.
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