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Abstract

INTRODUCTION: This study aimed to determine if later birth year influences trajectory of age-

related cognitive decline across racial/ethnic groups and to test whether years of school, childhood 

socio-economic status (CSES), and cardiovascular disease (CVD) burden explain such secular 

trends.

METHODS: We compared cognitive trajectories of global cognition and subdomains in two 

successive racially/ethnically and educationally diverse birth cohorts of a prospective cohort study.

RESULTS: Later birth year was associated with higher initial cognitive levels for Whites and 

Blacks, but not Hispanics. Later birth year was also associated with less rapid rate of decline in all 

three racial/ethnic groups. More years of education and higher CSES, and to a smaller extent 

greater CVD burden, accounted for higher intercepts in the later-born cohort, but did not account 

for attenuated slope of cognitive decline.

DISCUSSION: Later birth year is related to a slower rate of age-related decline in some cognitive 

domains in some racial/ethnic groups. Our analyses suggest that racial/ethnic and social 

inequalities are part of the mechanisms driving secular trends in cognitive aging and dementia.
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Introduction

Due to prolonged life expectancy and aging baby boomers in developed nations, the net 

number of individuals with dementia is exponentially increasing [1, 2], and is projected to 
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negatively affect society and the economy on a large scale [3–6]. While the trends in 

prevalence of dementia are under debate [7], a consistent picture is emerging from cohort 

studies showing that the incidence of dementia is declining in high-income countries [8–10]. 

Typically studied in white, well-educated cohorts, these patterns have been explained by 

factors such as better educational attainment and improved treatment of antecedent vascular 

risk factors [11, 12]. Noble et al. [13] showed that the associations between these factor and 

dementia incidence vary as a function of race/ethnicity. Regarding cognitive change, 

however, most prior studies on secular trends have not accounted for early life exposures and 

were unable to test whether cohort effects are uniform across different racial/ethnic groups. 

Early life exposures, such as childhood socio-economic status (CSES) that includes parental 

occupation and education, have been demonstrated to negatively affect late-life cognition 

[14], including among diverse race/ethnicity groups [15]. Importantly, it is unclear if secular 

trends also influence cognitive change over time, and if differences in trajectories between 

cohorts differ across racial/ethnic groups and are influenced by social factors.

We addressed these gaps in the literature by modeling longitudinal change in global 

cognition as well as subdomains of memory, language, and visuospatial ability in a racial/

ethnically and educationally diverse cohort of non-Hispanic White, non-Hispanic Black, and 

Hispanic older adults. Participants were enrolled at two recruitment waves, seven years 

apart, and follow-up was modeled up to 17 years.

We aimed to investigate if later birth year influenced the trajectory of age-related cognitive 

decline across racial/ethnic groups and to test whether years of school, CSES, and 

cardiovascular disease (CVD) burden can explain such secular trends. Based on previous 

literature [13, 16], we hypothesized that later birth year would be paired with higher baseline 

scores as well as a slower rate of decline over time, but that the extent of the effect would be 

higher in Whites than in Blacks and Hispanics. Furthermore, we hypothesized that socio-

demographic factors of improved CVD treatment, higher educational attainment, and higher 

CSES in a later birth cohort are mechanisms that contribute to these secular trends in 

cognitive aging in both baseline scores and trajectories. As these socio-demographic factors 

differ across race/ethnicity groups, we expected their explanatory value to vary as a function 

of minority status.

Methods

Study population

Initial selection of the study sample was identical to the one described in detail by Noble et 

al. [13]. Participants were part of the Washington Heights Inwood Columbia Aging Project 

(WHICAP), a prospective community-based longitudinal study of cognitive aging and 

dementia in the racially and ethnically diverse neighborhoods of northern Manhattan. 

Independent cohorts were recruited in 1992 (n = 2,125) and 1999 (n = 2,183) and followed 

over time with reevaluations approximately every 18 to 30 months.

One of the aims for the first recruitment wave in 1992 was to compare prevalence of 

dementia in this neighborhood, while the aims of the 1999 recruitment wave focused on 

incident dementia. Therefore, if individuals indicated during screening in the 1999 wave that 
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they had serious subjective memory complaints or a diagnosis of dementia, they were 

excluded from the sample. After enrollment, individuals in both waves were asked about 

subjective memory complaints for memory in general, and for names, lists, and finding 

words (described in detail elsewhere [17]). As expected given the recruitment goals, the 

1999 cohort had fewer subjective memory complaints than the 1992 cohort.

All individuals included in this study were free of dementia diagnosis at baseline as 

established in a consensus case conference based on neurological, neuropsychological, 

functional, medical, and psychiatric evaluation, and following standard criteria for all-cause 

dementia [18]. Individuals with insufficient data to determine dementia status (n = 354), 

with race/ethnicity other than non-Hispanic White, African-American, or Caribbean 

Hispanic (n = 44), with prevalent dementia at baseline (n = 563), and who were aged older 

than 86 at baseline and had more than 16 years of follow-up (n = 490; in order to ensure 

comparable baseline age and duration of follow-up for the two cohorts) were excluded from 

this study [13]. Additionally, from this sample reported by Noble et al., ten individuals were 

excluded due to missing neuropsychological data and seven due to missing time information. 

All participants gave written consent in accordance with the Institutional Review Boards of 

Columbia University Medical Center and Columbia University Health Sciences and the New 

York State Psychiatric Institute.

The total number of 2840 participants was divided into two birth year cohorts, with the first 

cohort being born between 1905–1920 (n = 1034) and the second cohort between 1921–

1935 (n = 1806). Participant characteristics for each cohort across all participants and by 

race/ethnicity groups (Whites, Blacks, Hispanics) are presented in Table 1.

Cognitive outcomes

At every visit, participants were evaluated with cognitive, functional, and health measures in 

their preferred language (i.e., English or Spanish). The neuropsychological battery, including 

tests of memory, language, and visuospatial ability, has been described in detail elsewhere 

[19, 20]. Memory tests included total recall, delayed recall, and delayed recognition on the 

Selective Reminding Test [21]. Language tests included the 15-item Boston Naming Test 

[22], letter and category fluency, the Similarities subtest from the Wechsler Adult 

Intelligence Scale-Revised [23], and the Repetition and Comprehension subtests of the 

Boston Diagnostic Aphasia Evaluation [24], Visuospatial tests included the Recognition and 

Matching tasks on the Benton Visual Retention Test [25], the Rosen Drawing Test [26], and 

the Identities and Oddities subtest from the Mattis Dementia Rating Scale [27]. Composite 

scores for each domain were created based on a factor analysis [28], by creating z-scores for 

each indicator (at baseline) within each domain, and averaging those scores to create a 

composite. A global cognition score was calculated by averaging the composite scores of the 

three domains.

Covariates

Sex/gender and years of formal education (0–20 years) were self-reported. Individuals self-

identified as either non-Hispanic White, non-Hispanic Black, or Hispanic based on U.S. 

Census criteria [29]. The CVD burden variable was the sum of four self-reported conditions 
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at baseline: diabetes, heart disease, hypertension, and stroke [30]. CSES was calculated by a 

factor analysis score based on mother’s and father’s years of education, parental 

occupational level, and number of siblings. These variables have been used as proxies for 

CSES in previous literature [31, 32]. Father’s and mother’s education was categorized into 

no formal education, grades 1–8, grades 9–11, high school, some college, college graduate, 

and beyond college graduate. Parental occupation was categorized into low (housewife/

unskilled/semi-skilled), medium (skilled/clerical), or high (manager/professional) based on 

the highest value of either parent. Number of siblings was dichotomized as 0–4 siblings or 

more than 4.

Because of the different recruitment goals between the 1992 and 1999 cohorts, baseline 

memory complaints were included (on a scale from 0–5) as a covariate in the current study 

in which the sample was divided by birth year. The number of individuals that were 

cognitively normal at baseline but endorsed serious memory complaints (5 out of 5 

complaints) did not differ between the 1905–1920 (n = 56) and 1921–1935 (n = 87) birth 

year cohorts (χ2 (1, N = 2836) = .513, p = .477).

Statistical analysis

Descriptive statistics and comparisons between each cohort for demographic variables and 

baseline cognitive outcomes were performed using general linear models and chi-square 

analyses in SPSS Version 23.

To identify differences in the cognitive trajectories of the cohorts born between 1905–1920 

and 1921–1935, we used latent growth curve modeling with full information maximum 

likelihood estimation in Mplus Version 8. To maximize covariance coverage, the trajectory 

was modeled up to six visits (follow-up up to 17 years). Loss of follow-up with each visit 

overall and by race/ethnicity group per birth year cohort is presented in Table 1. We 

parameterized time as years from study entry and used the time score option in Mplus to 

accommodate individual differences in intervals between re-evaluations.

All growth curve models used cohort as the primary predictor of interest, in which the 1905–

1920 cohort was the reference category. We estimated models for the entire sample and 

using a multiple-group modeling approach with race/ethnicity as the grouping variable to 

investigate the effects within and between racial/ethnic groups.

First, we built unadjusted models for each of the four cognitive outcomes, in which cognitive 

outcome was predicted by cohort without adjusting for covariates. Linear and quadratic 

effects of time and age were examined for each cognitive outcome separately; using nested 

models, Bayesian information criterion (BIC) values indicated that linear models provided 

the best fit. To explore practice effects, we entered a latent retest factor with its loading fixed 

at 0 for baseline and 1 for follow-up visits (retest effect with a peak at the second 

assessment) and a latent retest factor with its loading fixed at 0 for baseline and second visit 

and 1 for subsequent follow-up visits (retest effect with a peak at the third assessment). The 

retest effect with a peak at the third visit improved model fit in the memory outcome (BICs: 

no retest factor: 15836.430; peak second visit: 15842.790; peak third visit: 15827.401). The 

retest effect with a peak in the second visit improved model fit in the language outcome 
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(BICs: no retest factor: 9566.226; peak second visit: 9542.269; peak third visit: 9574.499). 

In the global cognition and visuospatial outcomes, latent retest factors did not improve 

model fit above the fit of a model without a retest effect. Retest effects for memory and 

language were included in subsequent analyses.

In addition to cohort as the predictor, adjusted models first included age, sex/gender, race/

ethnicity and baseline memory complaints as covariates in Step 1, then followed sequentially 

by CVD burden in Step 2, education in Step 3, and CSES in Step 4. We included CSES last 

to explore whether experiences earlier in life could explain the cohort effect over and above 

proximal life exposures. Within each cohort, education and CSES were correlated with each 

other in the overall sample and per race/ethnicity group, but only to a moderate extent (r ≤ .

495). The model steps were repeated for each cognitive outcome. Multiple-group models to 

investigate effects within and between groups used race/ethnicity as grouping variable 

instead of covariate. All continuous covariates (i.e., age, memory complaints, CVD burden, 

years of education, and CSES) were centered at their grand mean for parameter 

interpretation; additionally, categorical covariates were centered at their grand mean only to 

report intercept and slope effects. Model fit improved with the addition of each covariate as 

observed by a lower BIC value.

In exploratory models, to analyze who benefitted from secular effects, we estimated the 

cohorts’ cognitive trajectories separately for lowest-quartile performers and highest-quartile 

performers at baseline. Quartiles were defined per cohort within each racial/ethnic group. 

We estimated models for all cognitive outcomes in adjusted model Step 1 in a multiple-

group model to investigate effects within and between the racial/ethnic groups. 

Subsequently, we analyzed to what extent the lowest and highest-quartile performers 

differed with regard to CSES, education, and CVD burden using general linear models.

Attrition from a longitudinal study due to dropout and death may result in biased estimation 

of trajectories, as previous cognitive scores of those who dropout or die are typically poorer 

than those of their counterparts who do not attrite [16, 33, 34]. We accommodated dropout 

due to death by jointly modeling cognitive trajectories with the survival process in the 

adjusted model Step 1 (i.e., covaried for age, sex/gender, race/ethnicity, and memory 

complaints). Missing data indicators were used to denote whether a single non-repeatable 

event (death) occurred prior to a specific time point. Missing data indicators were coded as 

data being observed or missing due to death. Once death was observed, missing data 

indicators for subsequent visits were coded as missing. A discrete-time survival model 

included a latent hazard function that represented the missing data indicator distribution. 

This hazard function is the conditional probability that an individual will die at a specific 

time point, given that they did not die or dropout at an earlier time point [35]. Data 

visualization was performed in RStudio Version 1.1.453.

Results

Sample characteristics

An overview of sample characteristics overall and per race/ethnicity group is presented in 

Table 1. Mean age overall and within each racial/ethnic group, was approximately 79.5 years 
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in the 1905–1920 cohort and 72.5 years in the 1921–1935 cohort, and 60–70% were women. 

The number of follow-ups was approximately equal overall and across racial/ethnic groups, 

but the time between visits was shorter in the 1905–1920 than 1905–1920 cohort. The 1905–

1920 cohort had more memory complaints at baseline than the 1921–1935 cohort, except in 

Whites. Compared to the 1905–1920 cohort, the 1921–1935 cohort had higher baseline 

cognitive test scores. The 1921–1935 cohort had more years of education overall and across 

race/ethnicity groups, and higher CSES across all but the Hispanic group than the 1905–

1920 cohort; only Blacks had higher CVD burden in the 1921–1935 cohort compared to the 

1905–1920 cohort. Loss to follow-up was not different between the two birth cohorts in 

general, or when stratified by race/ethnicity groups, except for slightly more loss to follow-

up in Whites as of visit 4 in the 1921–1935 cohort. Loss to follow-up percentages were 

comparable across race/ethnicity groups.

Cognitive trajectories

First, we ran unadjusted models with each of the four cognitive outcomes (Supplementary 

Table 1). Across the whole sample and for all cognitive outcomes, the 1921–1935 cohort had 

a higher intercept and slower rate of decline than the 1905–1920 cohort. Results were the 

same in multiple-group models grouped by race/ethnicity, with higher intercepts and slower 

rates of decline in the 1921–1935 cohort than the 1905–1920 cohort.

We then adjusted the model to account for demographic factors (age, sex/gender, race/

ethnicity) and baseline memory complaints (Table 2; Supplementary Table 1). In these 

adjusted models in the whole sample, the pattern of the cohort effect remained the same, 

namely higher intercepts and less steep slopes in the 1921–1935 than the 1905–1920 cohort 

across all cognitive outcomes but memory, which showed neither an intercept nor slope 

effect (Figure 1). Per race/ethnicity group, a model adjusted for age, sex/gender, and 

baseline memory complaints showed in Whites significant intercept but not slope effects 

across outcomes, in Blacks significant intercept effects for global cognition, language, and 

visuospatial abilities, and a slope effect in visuospatial abilities, and in Hispanics no 

intercept or slope effects, except for a steeper slope for visuospatial abilities in the 1905–

1920 cohort than the 1921–1935 cohort.

Between-group comparisons (Table 3) revealed that after adjusting for age, sex/gender, and 

memory complaints, intercepts in both 1905–1920 and 1921–1935 cohorts were higher for 

Whites than Blacks and Hispanics in all four cognitive outcomes, and higher for Blacks than 

Hispanics in all cognitive outcomes but memory. The cohort effect on intercept for 

Hispanics was smaller than Whites in global cognition and memory, and smaller than Blacks 

in language. Slope did not differ across race/ethnicity in either the 1905–1920 or 1921–1935 

cohort, and there were no differences in cohort effect on slope between the race/ethnicity 

groups.

Effects of life exposures

Effects of life exposures were investigated for each race/ethnicity group separately (Table 2; 

Figure 2). Successively adding CVD burden, education, and CSES to the model attenuated 

the higher intercept in the 1921–1935 cohort compared to the 1905–1920 cohort that was 
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observed in the basic model. The raw change in intercept between successive models was 

relatively small when adding CVD burden and largest when adding education. While 

adjusting for these factors narrowed the difference in intercepts between the two cohorts, the 

adjustment either did not affect the difference in slopes or even enlarged the differences in 

slopes, with a less steep decline for the 1921–1935 cohort compared to the 1905–1920 

cohort.

Upper and lower quartiles of performance

Intercept and cohort effects were calculated per cohort within each race/ethnicity group, 

which demonstrated that in general a slower rate of change for the later birth cohort was 

observed in the upper quartile of performers but not in the lower quartile (Table 4; Figure 3).

In the lowest quartile at baseline, adjusted for age, sex/gender, and baseline memory 

complaints, intercepts of all four cognitive outcomes were higher for the 1921–1935 cohort 

than 1905–1920 cohort among Whites. For the other two race/ethnicity groups, this pattern 

was also observed for language and visuospatial abilities among Blacks, and for global 

cognition and visuospatial abilities among Hispanics. In the lowest quartile, no cohort 

effects on slope were observed for any of the race/ethnicity groups.

Individuals who performed in the upper quartile at baseline, adjusted for age, sex/gender, 

and baseline memory complaints, had higher intercepts in the 1921–1935 compared to the 

1905–1920 cohort in global cognition (Whites and Blacks) and language (Whites, Blacks, 

and Hispanics). Individuals who performed in the upper quartile had a slower rate of change 

in global cognition, language, and visuospatial abilities (Whites), global cognition (Blacks), 

and visuospatial abilities (Hispanics) in the 1921–1935 compared to the 1905–1920 cohort.

Using general linear models, we examined which variables distinguished those who scored 

in the upper quartile compared to the lower quartile of overall cognitive test performance. 

The lower and upper quartiles did not differ in their CVD burden in either the 1905–1920 

cohort (Whites: F(1, 108) = .196, p = .659; Blacks: F(1, 172) = 1.048, p = .307; Hispanics: 

F(1, 200) = .142, p = .707) or 1921–1935 cohort (Whites: F(1, 244) = 1.539, p = .216; 

Blacks: F(1, 288) = .197, p = .657), except for Hispanics in the 1921–1935 cohort (F(1, 346) 

= 5.370, p = .021). While the upper quartile was higher educated in the 1905–1920 cohort 

(Whites: F(1, 108) = 11.507, p = .001; Blacks: F(1, 172) = 77.942, p < .001; Hispanics: F(1, 

200) = 73.991, p < .001), it was not in the 1921–1935 cohort (Whites: F(1, 244) = .367, p = .

545; Blacks: F(1, 288) = 2.472, p = .117), except for Hispanics in the 1921–1935 cohort 

(F(1, 346) = 201.976, p < .001). The upper quartile did have higher CSES scores than the 

lower quartile in both the 1905–1920 cohort (Whites: F(1, 108) = 9.248, p = .003; Blacks: 

F(1, 172) = 4.301, p = .040; Hispanics: F(1, 200) = 5.712, p = .018) and 1921–1935 cohort 

(Whites: F(1, 244) = 8.973, p = .003; Blacks: F(1, 288) = 4.112, p = .044; Hispanics: F(1, 

346) = 5.914, p = .016).

Attrition bias

The latent hazard factor in the joint model showed that those who were lost to follow-up had 

lower initial level (estimate = −.416, 95% CI [−.548; −.284]) and a steeper slope of decline 

(estimate = −15.959, 95% CI [−19.480; −12.437]) versus those who remained in the study. 
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Similar to findings in the previous model, the 1921–1935 cohort started at a higher level on 

the overall cognition composite (cohort effect estimate = .087, 95% CI [.037; .136]) and had 

a less steep decline (cohort effect estimate = .010, 95% CI [.003; .018]) compared to the 

1905–1920 cohort after adjusting for age, sex/gender, race/ethnicity, and baseline memory 

complaints. While death affected overall intercept and trajectories, the effect of cohort 

remained largely unchanged for both level and slope as observed in the largely overlapping 

confidence intervals in the joint adjusted model Step 1 versus the regular adjusted model 

Step 1. This observation indicates that the effect of cohort was not substantially biased by 

attrition.

Discussion

We identified secular trends in cognitive trajectories in two birth cohorts of educationally 

and racially/ethnically diverse older adults, showing higher baseline abilities and less steep 

decline for the later-born cohort. The cohort effect on initial level of performance was 

accounted for by social and medical exposures across the life course; however, these factors 

did not directly account for the cohort effect on rate of cognitive decline. The participants in 

this study are distinct from participants in the majority of other large cohorts in two ways: 

both birth cohorts included people whose education ranged from zero to 20 years, and they 

were racially and ethnically diverse. This diversity allowed us to expose that later birth year 

benefitted those with high childhood socioeconomic circumstances and those who were 

highly educated, compared to those with less education and lower CSES.

This paper expands on the findings by Noble et al. [13]. The authors demonstrated that the 

decline in dementia incidence with later birth year, and its association with higher education 

and better treatment of antecedent vascular risk factors, vary as a function of race/ethnicity. 

To expand, we now demonstrated that the rate of cognitive decline in individuals that are 

cognitively healthy at baseline was reduced in the later-born cohort, and that in addition to 

education and CVD burden, CSES plays an important role in accounting for baseline 

differences between cohorts. These findings are in line with the concept of cognitive reserve, 

namely that cognitively challenging activities and acquisition of skills and knowledge with 

schooling increase the capacity to maintain cognitive function despite high risk for 

impairment [36]. We confirmed that, similar to the previous results with incidence dementia, 

cohort differences in cognitive trajectories and the influence of life exposures on these 

trajectories vary as a function of race/ethnicity. These results are in agreement with previous 

reports on racial/ethnic differences in cognitive performance at baseline but not in change 

over time [37].

Our primary result of a benefit for later birth year fits with the majority of reports on secular 

trends in late-life cognition. Prior research focused on dementia incidence [8–10, 13] or 

conducted multiple cross-sectional comparisons of cognition over time [16, 38–40]. Only a 

handful of studies investigated secular trends in longitudinal cognitive trajectories [41]. 

Gerstorf and colleagues [42] found a benefit for later-born individuals on baseline abilities 

and rate of change on four out of five cognitive abilities (i.e., on spatial orientation, inductive 

reasoning, word fluency, and verbal meaning, but not on number ability). Dodge et al. [43] 

reported that slower cognitive decline in those born later did not attenuate after adjusting for 
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education. Benefits of later birth on cognition are not ubiquitous [44, 45], potentially due to 

the younger age of participants in some studies [46].

Later birth year was associated with higher baseline abilities and less rapid cognitive decline 

across cognitive outcomes and across race/ethnicity. By dividing the sample into high 

performers and low performers at baseline, we showed that the cohort effect seems to be 

driven by the higher performing individuals, who were higher educated and had higher 

CSES. This inequality in secular trends was observed across race/ethnicity in the full sample 

as well: the benefit of later birth year on baseline global cognitive abilities was highest in 

Whites, followed by a smaller benefit in Blacks, and no benefit among Hispanics. These 

observations mark the critical importance of investigating interindividual differences in 

intraindividual change within subgroups of the population [41].

Cardiovascular factors are related to the onset and rate of change of cognitive impairment 

[47–50]. The rising treated prevalence of CVD in combination with steady clinical 

prevalence [51] suggests that management of the negative effects of CVD burden is 

improving over time. In our models of cognitive performance, however, accounting for CVD 

burden had minimal effect on the cohort effect. The small impact of CVD burden on cohort 

effects contrasts to the much larger explanatory effects of educational attainment and CSES. 

We deliberately added life exposures to the models in reverse chronological order, starting 

with CVD, to determine if proximal exposures could account for benefits of later birth year. 

CSES consistently had a larger impact on secular trends at baseline than CVD burden, as 

differences in intercept largely decreased or even disappeared in Whites and Blacks (whose 

CSES rose between cohorts) in Step 4 compared to Step 2, but not in Hispanics (whose 

CSES did not differ between cohorts). However, none of the covariates substantially affected 

rate of change.

One limitation of the current study is that CVD burden is only an indirect proxy of improved 

CVD treatment. Future research that includes biological indicators of cardiovascular health 

should explore the extent to which improved management of CVD explains secular trends in 

cognitive trajectories. Another limitation may be that other sociocultural factors associated 

with cognition (e.g., early life stress, family networks) were unaccounted for in the current 

study. Future research should aim to further investigate socio-demographic changes across 

birth cohorts that pass on to cognitive aging. An additional limitation is that our 

neuropsychological battery included tests that tap executive function, including fluency and 

abstract reasoning, but does not include an executive functioning factor as both of these tests 

involve verbal skills and loaded on to a language factor in a confirmatory factor analysis. 

Therefore, we did not include a separate construct of executive functioning, while this 

domain is known to strongly decline with cognitive aging and dementia. It would also be of 

interest to investigate during which period in life socio-demographic changes are most 

influential to late-life cognitive functioning. In our study, we cannot distinguish when these 

changes occurred, as they may be happening in middle-age. In particular, additional research 

is required to evaluate the role of the causal path of early life factors on individuals’ 

subsequent life exposures, and if intervention in the expected path may moderate secular 

trends in cognitive aging.
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In conclusion, later year of birth beneficially affects the level of cognitive performance and 

attenuates rate of change in cognitive functioning. These trends at baseline, but not in rate of 

change, can be attributed to better educational and childhood socio-economic circumstances 

across generations. Our results support that socio-cultural inequalities are part of the 

mechanisms driving secular trends in cognitive aging and dementia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

1. SYSTEMATIC REVIEW: We reviewed the literature using Google Scholar 

and PubMed. Multiple studies found lower prevalence and incidence of 

dementia with later birth year, but few studies discussed secular trends in 

longitudinal cognitive trajectories. The role of socio-demographic factors 

including race/ethnicity and socio-economic status on secular trends in 

cognitive aging remains unclear.

2. INTERPRETATION: Level and rate of cognitive change over time is 

influenced by birth cohort, and socio-cultural inequalities contribute to these 

secular trends.

3. FUTURE DIRECTIONS: Future studies should extent the scope of socio-

demographic factors in investigating the mechanisms of secular trends in 

cognitive aging. More research is needed to evaluate the causal path of early 

life factors on individuals’ subsequent life exposures, to determine when 

interventions may be most effective.

Vonk et al. Page 13

Alzheimers Dement. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Mean global cognitive performance trajectories (95% confidence interval) for global 

cognitive performance and its three subdomains in the whole sample adjusted for age, sex/

gender, race, and baseline memory complaints
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Figure 2. 
Global cognitive performance trajectory (95% confidence interval) per ethnic group in the 

adjusted model Step 1 (adjusted for age, sex/gender, baseline memory complaints) versus 

the adjusted model Step 4 (additionally adjusted for cardiovascular disease, education, and 

childhood socio-economic status)
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Figure 3. 
Trajectories of upper versus lower quartiles of global cognitive performance at baseline 

(95% confidence interval) per ethnic group, adjusted for age, sex/gender, baseline memory 

complaints
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Table 2.

Cohort effects on intercept and slope across adjusted models per race/ethnicity group

Step 1 (age, sex/gender, 
memory complaints)

Step 2 (Step 1+ CVD) Step 3 (Step 2 + 
education)

Step 4 (Step 3 + 
CSES)

Global 
cognition

Cohort 
effect

Estimate [95% CI] Estimate [95% CI] Estimate [95% CI] Estimate [95% CI]

 Whites intercept .151** [.055; .247] .108* [.014; .201] .045 [−.042; .133] .050 [−.034; .135]

slope .013 [.000; .026] .018** [.005; .031] .017** [.004; .030] .016* [.002; .029]

 Blacks intercept .112** [.028; .197] .100* [.008; .191] −.012 [−.095; .071] −.047 [−.137; .043]

slope .011 [−.002; .024] .012 [−.001; .026] .011 [−.003; .025] .015 [.000; .029]

 Hispanics intercept .018 [−.060; .097] −.005 [−.091; .081] −.024 [−.099; .051] −.024 [−.104; .055]

slope .012 [.000; .025] .016* [.003; .028] .015* [.002; .028] .015* [.002; .029]

Memory

 Whites intercept .158* [.018; .297] .107 [−.036; .251] .045 [−.091; .182] .034 [−.104; .173]

slope .014 [−.012; .040] .012 [−.012; .036] .013 [−.012; .037] .014 [−.012; .040]

 Blacks intercept .045 [−.072; .163] .027 [−.101; .155] −.059 [−.184; .066] −.106 [−.244; .031]

slope .022 [−.003; .046] .030* [.004; .056] .023 [−.003; .050] .031* [.004; .059]

 Hispanics intercept −.048 [−.144; .048] −.072 [−.176; .032] −.086 [−.187; .014] −.091 [−.197; .016]

slope .004 [−.018; .026] .012 [−.010; .034] .012 [−.011; .034] .013 [−.011; .037]

Language

 Whites intercept .230** [.088; .372] .144* [.017; .272] .059 [−.060; .178] .077 [−.041; .196]

slope .016 [−.001; .033] .014 [−.002; .030] .013 [−.003; .029] .007 [−.008; .022]

 Blacks intercept .227*** [.134; .319] .219*** [.119; .319] .073 [−.016; .161] .045 [−.049; .139]

slope .007 [−.007; .022] .004 [−.011; .019] .004 [−.011; .020] .004 [−.012; .021]

 Hispanics intercept .074 [−.012; .161] .048 [−.047; .142] .026 [−.055; .106] .044 [−.040; .128]

slope .011 [−.004; .025] .011 [−.003; .026] .011 [−.004; .025] .010 [−.005; .025]

Visuospatial

 Whites intercept .083* [.016; .15] .074* [.002; .146] .028 [−.045; .101] .029 [−.040; .099]

slope .007 [−.004; .019] .009 [−.003; .021] .008 [−.004; .020] .007 [−.005; .018]

 Blacks intercept .093* [.003; .182] .091 [−.006; .187] −.014 [−.103; .076] −.045 [−.139; .050]

slope .018** [.006; .03] .019** [.007; .032] .018** [.006; .030] .019** [.007; .032]

 Hispanics intercept .052 [−.044; .149] .047 [−.059; .152] .020 [−.071; .111] .003 [−.092; .098]

slope .020** [.006; .035] .023** [.008; .037] .022** [.008; .037] .024** [.009; .038]

Note. 95% CI = 95% confidence interval; CVD = cardiovascular disease (sum of diabetes, heart disease, hypertension, and stroke at baseline), 
CSES = childhood socio-economic status;

*
p < .05,

**
p < .01,

***
p <.001

Alzheimers Dement. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vonk et al. Page 21

Ta
b

le
 3

.

M
ul

tip
le

-g
ro

up
 c

om
pa

ri
so

ns
 p

er
 c

oh
or

t a
nd

 b
et

w
ee

n 
co

ho
rt

s

in
it

ia
l l

ev
el

 (
in

te
rc

ep
t)

lin
ea

r 
ch

an
ge

 (
sl

op
e)

19
05

–1
92

0
19

21
–1

93
5

co
ho

rt
 e

ff
ec

t
19

05
–1

92
0

19
21

–1
93

5
co

ho
rt

 e
ff

ec
t

G
lo

ba
l c

og
ni

ti
on

E
st

im
at

e 
[9

5%
 C

I]
E

st
im

at
e 

[9
5%

 C
I]

E
st

im
at

e 
[9

5%
 C

I]
E

st
im

at
e 

[9
5%

 C
I]

E
st

im
at

e 
[9

5%
 C

I]
E

st
im

at
e 

[9
5%

 C
I]

 
W

hi
te

s 
vs

. B
la

ck
s

−
.3

14
**

*  
[−

.4
08

; −
.2

19
]

−
.3

52
**

*  
[−

.4
13

; −
.2

92
]

−
.0

39
 [

−
.1

66
; .

08
9]

−
.0

04
 [

−
.0

18
; .

01
0]

−
.0

06
 [

−
.0

16
; .

00
4]

−
.0

02
 [

−
.0

20
; .

01
7]

 
W

hi
te

s 
vs

. H
is

pa
ni

cs
−

.5
38

**
*  

[−
.6

32
; −

.4
43

]
−

.5
77

**
*  

[−
68

7;
 −

.4
66

]
−

.1
33

*  
[−

.2
56

; −
.0

09
]

.0
01

 [
−

.0
13

; .
01

6]
.0

01
 [

−
.0

08
; .

01
0]

−
.0

01
 [

−
.0

19
; .

01
8]

 
B

la
ck

s 
vs

. H
is

pa
ni

cs
−

.2
24

**
*  

[−
.3

07
; −

.1
41

]
−

.2
24

**
*  

[−
.3

07
; −

.1
41

]
−

.0
94

 [
−

.2
09

; .
02

2]
.0

06
 [

−
.0

08
; .

01
9]

.0
07

 [
−

.0
03

; .
01

7]
.0

01
 [

−
.0

17
; .

01
9]

M
em

or
y

 
W

hi
te

s 
vs

. B
la

ck
s

−
.2

75
**

*  
[−

.4
08

; −
.1

43
]

−
.3

88
**

*  
[−

.4
76

; −
.3

00
]

−
.1

12
 [

−
.2

95
; .

07
0]

−
.0

12
 [

−
.0

35
; .

01
2]

−
.0

04
 [

−
.0

25
; .

01
6]

.0
07

 [
−

.0
26

; .
04

1]

 
W

hi
te

s 
vs

. H
is

pa
ni

cs
−

.3
72

**
*  

[−
.5

01
; −

.2
43

]
−

.4
85

**
*  

[−
.6

35
; −

.3
34

]
−

.2
06

*  
[−

.3
75

; −
.0

36
]

−
.0

04
 [

−
.0

27
; .

01
9]

−
.0

15
 [

−
.0

34
; .

00
4]

−
.0

10
 [

−
.0

42
; .

02
1]

 
B

la
ck

s 
vs

. H
is

pa
ni

cs
−

.0
97

 [
−

.2
04

; .
01

0]
−

.0
97

 [
−

.2
04

; .
01

0]
−

.0
93

 [
−

.2
45

; .
05

8]
.0

07
 [

−
.0

13
; .

02
8]

−
.0

10
 [

−
.0

31
; .

01
0]

−
.0

18
 [

−
.0

48
; .

01
3]

L
an

gu
ag

e

 
W

hi
te

s 
vs

. B
la

ck
s

−
.3

31
**

*  
[−

.4
60

; −
.2

02
]

−
.3

34
**

*  
[−

.4
09

; −
.2

59
]

−
.0

03
 [

−
.1

72
; .

16
6]

.0
07

 [
−

.0
10

; .
02

4]
−

.0
02

 [
−

.0
14

; .
01

0]
−

.0
09

 [
−

.0
31

; .
01

3]

 
W

hi
te

s 
vs

. H
is

pa
ni

cs
−

.6
05

**
*  

[−
.7

33
; −

.4
76

]
−

.6
08

**
*  

[−
.7

33
; −

.4
82

]
−

.1
55

 [
−

.3
21

; .
01

1]
.0

14
 [

−
.0

03
; .

03
1]

.0
08

 [
−

.0
02

; .
01

9]
−

.0
06

 [
−

.0
27

; .
01

6]

 
B

la
ck

s 
vs

. H
is

pa
ni

cs
−

.2
74

**
*  

[−
.3

66
; −

.1
82

]
−

.2
74

**
*  

[−
.3

66
; −

.1
82

]
−

.1
52

*  
[−

.2
79

; −
.0

26
]

.0
07

 [
−

.0
07

; .
02

1]
.0

10
 [

−
.0

01
; .

02
2]

.0
03

 [
−

.0
16

; .
02

3]

V
is

uo
sp

at
ia

l

 
W

hi
te

s 
vs

. B
la

ck
s

−
.3

40
**

*  
[−

.4
23

; −
.2

57
]

−
.3

30
**

*  
[−

.3
86

; −
.2

74
]

.0
10

 [
−

.1
02

; .
12

2]
−

.0
12

 [
−

.0
25

; .
00

2]
−

.0
01

 [
−

.0
10

; .
00

8]
.0

11
 [

−
.0

06
; .

02
8]

 
W

hi
te

s 
vs

. H
is

pa
ni

cs
−

.6
43

**
*  

[−
.7

32
; −

.5
54

]
−

.6
33

**
*  

[−
.7

54
; −

.5
13

]
−

.0
30

 [
−

.1
48

; .
08

7]
−

.0
13

 [
−

.0
27

; .
00

1]
.0

00
 [

−
.0

09
; .

00
9]

.0
13

 [
−

.0
05

; .
03

1]

 
B

la
ck

s 
vs

. H
is

pa
ni

cs
−

.3
03

**
*  

[−
.4

01
; −

.2
05

]
−

.3
03

**
*  

[−
.4

01
; −

.2
05

]
−

.0
40

 [
−

.1
72

; .
09

2]
−

.0
01

 [
−

.0
16

; .
01

3]
.0

01
 [

−
.0

08
; .

01
0]

.0
02

 [
−

.0
16

; .
02

1]

N
ot

e.
 E

st
im

at
es

 a
re

 a
dj

us
te

d 
fo

r 
ag

e,
 s

ex
/g

en
de

r, 
an

d 
ba

se
lin

e 
m

em
or

y 
co

m
pl

ai
nt

s;
 9

5%
 C

I 
=

 9
5%

 c
on

fi
de

nc
e 

in
te

rv
al

;

* p 
<

 .0
5,

**
p 

<
 .0

1,

**
* p 

<
.0

01

Alzheimers Dement. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vonk et al. Page 22

Ta
b

le
 4

.

C
oh

or
t e

ff
ec

ts
 f

or
 u

pp
er

 a
nd

 lo
w

er
 q

ua
rt

ile
s 

by
 r

ac
e/

et
hn

ic
ity

 g
ro

up
s

W
hi

te
s

B
la

ck
s

H
is

pa
ni

cs

In
te

rc
ep

t
co

ho
rt

 e
ff

ec
t

Sl
op

e
co

ho
rt

 e
ff

ec
t

In
te

rc
ep

t
co

ho
rt

 e
ff

ec
t

Sl
op

e
co

ho
rt

 e
ff

ec
t

In
te

rc
ep

t
co

ho
rt

 e
ff

ec
t

Sl
op

e
co

ho
rt

 e
ff

ec
t

Q
ua

rt
ile

E
st

im
at

e 
[9

5%
 C

I]
E

st
im

at
e 

[9
5%

 C
I]

E
st

im
at

e 
[9

5%
 C

I]
E

st
im

at
e 

[9
5%

 C
I]

E
st

im
at

e 
[9

5%
 C

I]
E

st
im

at
e 

[9
5%

 C
I]

G
lo

ba
l c

og
ni

tio
n

lo
w

er
.2

56
**

 [
.1

08
; .

40
3]

−
.0

04
 [

−
.0

34
; .

02
7]

.0
92

 [
−

.0
12

; .
19

7]
−

.0
34

 [
−

.0
78

; .
01

1]
.0

74
*  

[.
00

6;
 .1

42
]

.0
06

 [
−

.0
18

; .
03

0]

up
pe

r
.0

69
*  

[.
00

6;
 .1

33
]

.0
29

**
 [

.0
12

; .
04

5]
.0

67
*  

[.
00

6;
 .1

28
]

.0
29

*  
[.

00
5;

 .0
54

]
−

.0
14

 [
−

.0
76

; .
04

7]
.0

12
 [

−
.0

09
; .

03
3]

M
em

or
y

lo
w

er
.1

64
*  

[.
00

8;
 .3

21
]

−
.0

03
 [

−
.0

49
; .

04
3]

−
.0

58
 [

−
.1

84
; .

06
9]

.0
22

 [
−

.0
39

; .
08

3]
.0

53
 [

−
.0

63
; .

16
9]

−
.0

23
 [

−
.0

63
; .

01
7]

up
pe

r
.0

47
 [

−
.0

51
; .

14
5]

.0
07

 [
−

.0
40

; .
05

3]
−

.0
16

 [
−

.1
12

; .
08

1]
.0

24
 [

−
.0

21
; .

06
8]

−
.0

80
 [

−
.1

71
; .

01
0]

.0
37

 [
−

.0
06

; .
07

9]

L
an

gu
ag

e
lo

w
er

.5
42

**
 [

.2
35

; .
84

9]
.0

28
 [

−
.0

28
; .

08
3]

.2
10

**
*  

[.
10

0;
 .3

20
]

−
.0

05
 [

−
.0

60
; .

05
0]

.0
68

 [
−

.0
31

; .
16

7]
−

.0
01

 [
−

.0
41

; .
03

8]

up
pe

r
.1

06
**

 [
.0

36
; .

17
5]

.0
38

**
 [

.0
13

; .
06

2]
.2

18
**

*  
[.

13
7;

 .2
99

]
.0

26
 [

−
.0

01
; .

05
3]

.1
00

*  
[.

01
9;

 .1
81

]
.0

01
 [

−
.0

23
; .

02
5]

V
is

uo
sp

at
ia

l
lo

w
er

.1
28

*  
[.

01
4;

 .2
42

]
−

.0
16

 [
−

.0
43

; .
01

1]
.1

99
**

 [
.0

71
; .

32
7]

−
.0

01
 [

−
.0

42
; .

04
1]

.1
42

*  
[.

03
0;

 .2
54

]
.0

04
 [

−
.0

18
; .

02
6]

up
pe

r
−

.0
29

 [
−

.0
77

; .
02

0]
.0

37
**

*  
[.

01
9;

 .0
55

]
.0

37
 [

−
.0

23
; .

09
7]

.0
15

 [
−

.0
04

; .
03

3]
.0

46
 [

−
.0

16
; .

10
8]

.0
34

*  
[.

00
5;

 .0
62

]

N
ot

e.
 E

st
im

at
es

 a
re

 a
dj

us
te

d 
fo

r 
ag

e,
 s

ex
/g

en
de

r, 
an

d 
ba

se
lin

e 
m

em
or

y 
co

m
pl

ai
nt

s;
 9

5%
 C

I 
=

 9
5%

 c
on

fi
de

nc
e 

in
te

rv
al

;

* p 
<

 .0
5,

**
p 

<
 .0

1,

**
* p 

<
.0

01

Alzheimers Dement. Author manuscript; available in PMC 2020 December 01.


	Abstract
	Introduction
	Methods
	Study population
	Cognitive outcomes
	Covariates
	Statistical analysis

	Results
	Sample characteristics
	Cognitive trajectories
	Effects of life exposures
	Upper and lower quartiles of performance
	Attrition bias

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

